


Lie-Detector Test Limitations* 


Fred E. Inbau, B.Sc., LL.M., Chicago, Ill. 


The lie-detector technique for the detection of deception, 
when properly used, is a valuable investigative aid in crim- 
inal investigations. There are, however, many limitations and 
misconceptions concerning its use. 


1. The Instrument 

A basie misconception concerns the instrument itself. Many 
persons have been led to believe that any sort of so-called 
“lie-detector” will serve the purpose, just so long as it in- 
dicates or records changes in any one of the several physio- 
logical phenomena which are considered affected by conscious 
lying. 

For purposes of testing subjects in actual case situations, 
the required instrument is a “Polygraph”—an instrument 
that records several such phenomena. Blood pressure and 
respiration recordings are absolutely necessary. A third type 
of recording, the galvanic skin reflex, which is thought by 
some researchers to be the result of changes in the activity 
of the sweat pores, is also of assistance in certain kinds of 
actual case testing situations (e. g., “peak of tension” tests) 
but it is not nearly so reliable in its indications as blood pres- 
sure and respiration changes. In experimental deception tests 
(e. g., a card test), an instrument which indicates or records 
changes in galvanic skin reflex permits some highly accurate 
results, but in actual case testing the degree of accuracy is 
very low. To depend upon the galvanic skin reflex indica- 
tions alone in actual case situations is a very unreliable pro- 
cedure. 

The standard polygraphs in use today contain units that 
record all three phenomena—blood pressure-pulse, respira- 
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tion, and galvanic skin reflex. One polygraph has an addi- 
tional recording unit for detecting otherwise unobservable 
muscular movements and pressures. Although there may be 
preferences for some one or more over the others, they are all 
substantially good instruments. The important consideration 
is that the instrument should be a polygraph and nothing 
short of that. This task of the instrumental detection of 
deception is a difficult one, even under the best of conditions, 
and the instrument employed should furnish the maximum 
available aid. The police can, of course, get an occasional 
confession from a guilty suspect by using something less; in 
fact, a suspect might be led to believe that an office dictaphone 
is a lie-detector and the psychological effect might produce a 
confession. But as a reliable means for ascertaining whether 
a subject is lying or telling the truth, nothing less than a 
polygraph will serve the purpose. 


2. The Examiner 


The task of the polygraph examiner is not simply the 
mechanical manipulation of an instrument, but rather the 
much more difficult and exacting function of diagnosing de- 
ception from instrument recordings obtained by means of a 
skillfully conducted test. In fact, the actual operation of the 
instrument itself requires very little ability or training. Both, 
however, are very essential in such phases of the examina- 
tion as the pre-test interview; in developing control ques- 
tions; in determining what relevant and irrelevant questions 
to use, and how they should be phrased and presented; in 
handling the inquiries and in meeting the situations which 
the subject may present between and after the three tests 
that are usually administered during the course of the full 
examination; and, of course, these requirements of ability and 
proper training are indispensable in the making of the ulti- 
mate deception diagnosis itself. 

Along with this skill in conducting the examination, the 
examiner must be able to perform the next most important 
task—the skillful interrogation of a guilty subject for the 
purpose of obtaining a confession. 

To qualify for this two-fold assignment, an examiner must 
be an intelligent person with a reasonably good educational 
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background. He should have an intense interest in the work 
itself, a good practical understanding of human nature, and 
ability to “get along’’ with people and to be well liked by 
his friends and associates. No amount of training or experi- 
ence will overcome the lack of these necessary qualifications. 

A person without a better-than-average intelligence, a fair 
educational background, and a good practical understanding 
of human nature, will inevitably make more mistakes than 
a trained individual with the necessary basie qualifications. 
The basically unqualified examiner is the one who, in view 
of his own personal shortcomings, will feel impelled to make 
a definite diagnosis in practically every case, and for that 
reason is more likely to make outright mistakes. To him an 
indefinite report is an admission of personal failure. 

Although it is possible for a person with proper basic 
qualifications to ultimately develop into a competent exam- 
iner after a relatively short period of intensive study, in- 
struction, experimentation, and actual case observations, the 
desirable minimum period of training is about four, or prefer- 
ably six, months. During that time his course of study should 
include readings and instruction in the pertinent phases of 
physiology and psychology; frequent observations of an ex- 
perienced examiner working on actual cases; personal experi- 
ence in experimental case testing and actual case testing un- 
der an instructor’s supervision; and the examination and in- 
terpretation of a considerable number of records in solved 
cases. His course of training should also inelude instruction, 
as well as observational and personal experience, in the ap- 
plication of psychological tactics and techniques for obtaining 
confessions or admissions from untruthful subjects. 


3. Anybody and Anytime 


The lie-detector technique is not something to be used only 
after all other efforts have failed. To do so is unfair to the 
technique, to the examiner, and to the subject as well. 

An ordinary, routine interrogation by an investigator prior 
to the examiner’s interview and test does not seriously impair 
the effectiveness of the lie-detector technique. However, an 
extensive interrogation based upon frequent and constant ac- 
cusations of guilt may adversely affect the accuracy of the 
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test, and especially so if the test follows soon thereafter. 
This is particularly true if the prolonged interrogation is 
accompanied by physical abuse or threats of physical harm, 
administered in an effort to obtain a confession. For a lie- 
detector test, in which so much reliance is placed upon the 
presence or absence of delicately detected physiological 
changes, a person who has encountered such an experience 
is no longer a proper subject for deception diagnosis. He is 
as unsatisfactory a subject for deception diagnosis as would 
be a medical patient who appears in a doctor’s office for a 
metabolism test or heart examination soon after being chased 
up ten flights of stairs. Moreover, the positive suggestions 
of guilt constituting part of an extensive and intensive in- 
terrogation procedure may produce test reactions which will 
simulate true deception criteria. 

The best results are obtained with the lie-detector technique 
when it is used on persons who have been interrogated only 
briefly or, preferably, not at all prior to the time when they 
are presented for a polygraph test. The effectiveness of the 
technique is also enhanced when used on a subject who has 
not been told the important details of the offense. In such 
instances, the usual test procedure can be supplemented by 
a so-called “peak of tension” test, a valuable aid to the ex- 
aminer, which is not usable, however, when the police in- 
vestigators have discussed the details of the case with the 
subject. 

The polygraph examiner in private practice, specializing 
in personnel investigations, meets with much greater success 
than his equally qualified colleague in the police laboratory, 
largely because of the fact that the private examiner’s sub- 
jects have not been previously interrogated to any consider- 
able extent—in fact, usually not at all. 


4, Lie-Detector Technique No Substitute for Police Investi- 
gative Efforts 

In attempting to solve an important crime—in fact almost 

any crime—there is nothing that will take the place of good 

police work. There is a tendency at times, however, to turn 

all possible suspects over to the polygraph examiner and ex- 

pect him to “pull the rabbit out of the hat.” This is especial- 
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ly true in some of the cases which are front page news, in 
which the police may feel impelled to demonstrate to the 
press and the public that “something” is beng done in an 
effort to solve the crime. 

Before anyone is given a polygraph test some sort of in- 
vestigation ought to be made on him or his purported activities 
at the time of the offense. Information along this line will 
be helpful to the examiner in conducting his examination. 
Then, too, there are many times when a person will be pre- 
sented to a police polygraph examiner for a test and in the 
pretrial interview the suspect will relate an alibi which a 
quick local telephone call will establish to be a good one. 
Such occurrences are a waste of time for all concerned, par- 
ticularly that of the polygraph examiner. His time certainly 
could be put to better use. For instance, instead of being 
occupied in such futile undertakings, and at a time when 
there are no current case suspects to test, he could be ren- 
dering a very valuable service by testing persons already un- 
der arrest for various offenses to which they have confessed, 
or for which their guilt is otherwise positively established, 
for the purpose of determining, by the lie-detector technique, 
whether they have committed additional offenses. Many an 
unsolved crime ean be cleared up in that way. The experience 
of the police polygraph examiner in Pittsburgh (Charles A. 
McInerney of the Allegheny County Crime Laboratory) offers 
ample evidence of that. By applying such a routine screen- 
ing test procedure, and interrogating the subjects who are 
found to be lying when questioned about additional offenses, 
the percentage of cases cleared by arrest has been appreciably 
increased. This was particularly true as regards burglaries. 
In other words, if the police have a confessed or proved 
i in custody, a polygraph test and a subsequent inter- 

‘ogation, where the test so warrants, will frequently produce 
a confession to other burglaries.’ Here is an opportunity, 
then, for the police to make effective use of their polygraph 
examiner’s time. 

In addition to the inadvisability of having tests conducted 
on a mass basis—on anyone who happens to be picked up or 


. For : a full report on Mr. MeInerney’s experience in Pittsburgh see 45 
Journal of Criminal Law, Criminology and Police Science 736 (1955). 
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under the least degree of suspicion, without first conducting 
some sort of an investigation—there is another type of case 
which calls for some preliminary attention before turning it 
over to the polygraph examiner. For instance, Joe Bloak 
gives himself up to the police and states that he committed 
a murder in city X, in state Y, or in foreign country Z. Rather 
than rush Joe to the polygraph examiner, the police should 
first ascertain whether such a crime was actually committed; 
and then they should obtain all available details regarding 
the way and manner in which it was committed. They should 
also gather whatever information is obtainable on Joe him- 
self. Most cases of this sort go right out the window at this 
point. On the other hand, if the essential facts are estab- 
lished—that such a crime was actually committed and that 
Joe was in the area at that time—the polygraph examiner is 
better prepared to conduct an effective examination. The 
same is true of a case where Joe is wnder arrest for a minor 
offense, or is on parole, and he may look for a “break” in 
exchange for information regarding a serious crime and its 
perpetrators. Here, too, some ordinary police work should 
precede any polygraph test. 

In other words, the lie-detector technique is not a sub- 
stitute for good police work. It is rather only an investiga- 
tive aid. 


5. Unlimited Details of the Crime 

Another misconception is the one which makes police in- 
vestigators believe that once the polygraph examiner has 
ascertained the guilt of a subject he can be further examined 
for the purpose of determining the various details of the 
crime. For example, in a murder ease, it is seldom possible 
to determine by the test technique itself any more than the 
major issues such as the subject’s guilt or innocence, or his 
knowledge of the identity of the perpetrator. Except where 
the circumstances permit the employment of a peak of ten- 
sion test—and they seldom do, because of the subject’s 
knowledge of the crime details by reason of his being told 
by the police investigators or the press—the technique does 
not permit a determination of the various details of the of- 
fense. In this respect the test limitations are similar to the 
ones involved in a medical diagnosis. A doctor ean tell wheth- 
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er the patient has pneumonia, or typhoid fever, or polio, but 
there is no means ordinarily available to him for determining 
where the patient picked up the germ or virus. 

In their unreasonable search for more detailed information 
from a guilty subject, the police sometimes run the risk of 
damaging an otherwise good case for the prosecutor. For 
example, and here we are drawing upon an actual case situa- 
tion, Joe Bloak is suspected of a murder. After he has been 
in custody for ten hours or so he is given a polygraph test. 
The results indicate he is lying. After four or five hours of 
interrogation he confesses. He admits killing the victim and 
tells where he had the murder weapon. It is found where he 
said it was. A written confession is given and signed. Later 
on, however, the prosecutor wants to know whether someone 
else is involved in the offense, or whether the motive stated 
by Joe is the real one. So he sends Joe back to the poly- 
graph examiner. This fact alone, even if not augmented by 
the additional fact of another three or four hour visit with 
the examiner, might well give a defense counsel all the am- 
munition he needs to get a court or jury to believe that 
coercive methods were used to get the original statement, or 
that the prosecutor himself was skeptical of the confession’s 
validity, for otherwise he would not have had a “re-examina- 
tion.” 

With the polygraph test, the police should be satisfied if it 
helps determine the major issue; is this person guilty or not; 
or does he know who committed the offense. They should not 
expect much beyond that in the way of an interpretation of 
the test results. There is good reason, however, to hope 
for and expect a substantial number of confessions where the 
test results indicate guilt or guilty knowledge. 

While on the subject of confessions, mention should be 
made of the fact that here too is another value of the lie- 
detector technique—the psychological effect it has in indue- 
ing confessions from the guilty. In that respect alone the 
technique has proved itself to be of great value to criminal 
investigators. Also, on many occasions, a guilty person will 
confess to the police right after they propose a lie-deteetor 
test to him or the confession may come while on the way to 
the polygraph examiner, or during the preliminary interview 
with the examiner. 
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At this point it may be well to suggest something specific 
regarding the procedure to follow in proposing a lie-detec- 
tor test to a suspect. After questioning him generally about 
the offense and his possible implication (but without reveal- 
ing the known details of the offense—such as the weapon 
used, or the particular article stolen, ete.), the police should 
take a written statement from him as to his whereabouts at 
the time of the offense, or regarding such matters as his 
observations, in instances where he admits being present. 
The statement need not be an elaborate, formal one. A brief 
handwritten one will suffice if time or facilities will permit 
nothing more complete. As regards an alibi, of course, it 
should be checked whenever, and as soon as, possible. Then 
the suspect should be told something along the following 
line: “Joe, all we want to know is the truth. If you’re telling 
the truth we don’t want to waste your time or ours. If you’re 
not telling the truth of course we want to know that too. We 
have a way of finding out rather easily, by means of a lie- 
detector test. That’s O.K. with you, isn’t it?” Although very 
few people, including the guilty ones, will refuse, the fact of 
refusal itself is of some value, for with few exceptions it 
is only the guilty who refuse. 


Conclusion 

There are other limitations and misconceptions. These, 
however, are the ones which probably occasion the most dif- 
ficulty to the police examiner and restrict the potential of 
his service to his department and to the citizens of his com- 
munity. And that difficulty can be greatly minimized if chiefs 
of police and other commanding officers will give some thought 
and attention to these various limitations and misconceptions. 
They should accord the polygraph examiner their full con- 
sideration, cooperation and support. It will bring about a 
greater measure of success in his work, and the ultimate re- 
sult will not only benefit the community but reflect deserving 
credit upon the entire police department. 


Professor of Law 

Northwestern University Law School 
357 East Chicago Ave. 

Chicago 11, Illinois 
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A Review of the Amnesic States: 
The Significance of Retrospective 
Falsification* 


Maier I. Tuchler, M.D., San Francisco, Calif. 


Forensic Significance 


An amnesic state often presents an ambiguous diagnostic 
problem. When complicated by forensic implications, the 
diagnosis may be of critical importance. A comprehensive 
literature on amnesia exists and textbooks are concise in the 
description of the phenomenon when it presents as a mani- 
festation of a major hysteria. The presence of forensic con- 
siderations may complicate the evaluation of an amnesia and 
lead to an inconsistency of diagnosis, for the element of gain 
is often not manifest and the symptom is of such disarming 
nature. On the other hand, students of forensie psychiatry 
readily recognize the abhorrence of the repeated offender for 
a psychiatric diagnosis. Amnesia, when occasionally exploited 
as a defense in a criminal ease is often claimed with embar- 
rassment, for it suggests that the individual who claims such 
amnesia is pointing toward a mental hospital, often more 
feared than prison. 

An additional clinical criterion which may be of help in the 
diagnosis of an amnesia is offered. The presence of retrospec- 
tive falsification may be of great help in the diagnosis of an 
amnesic state and, in addition, may point more specifically to 
the type of psychopathology present. The presence of retro- 
spective falsification in a psychotic-like disturbance associated 
with chronic alcoholism, or prolonged malnutrition, may point 


* Presented at the Annual Meeting of the American Academy of Forensic 
Sciences, February 24, 1956, Chicago, Illinois. 
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to the presence of an organic type of amnesic disturbance, 
whereas the presence of retrospective falsification in a case 
which appears to be essentially a hysterical manifestation 
may, on the other hand, by the very elaborations presented, 
engender suspicion of malingery. 


Classifications 

Classifications of amnesias fall into two distinct groups 
when viewed from the forensic aspects: one, occurring in the 
absence of antisocial acts or punishable offense and the other 
group of amnesias occurring antecedent, during or shortly 
after such an act. The setting in which amnesia is claimed 
thus is of great significance. 

The broadest classification consists of : 


1. Amnesias with disorders of cerebral circulation 
a. arteriosclerotic 
b. hypertension 
e. cellular degeneration 
2. With cerebral dysrhythmia 
a. grand mal 
b. petit mal 
¢. psychomotor epilepsy 
d. fugue states and equivalents 
3. Degenerative or heredodegenerative central nervous sys- 
tem disorders 
Craniocerebral trauma 
Alcoholism, from degrees of ordinary drunkenness and 
pathological intoxication to the Korsakoff syndrome 
Psychoses 
Hysteria (psychoneurosis) 
Malingering, in its simplest guise, simulation. 


oe 


One 


Clinical Cases: (a) Without Retrospective Falsification 
1. The Amnesia Associated with Psychomotor Epilepsy 
The amnesia in psychomotor epilepsy persists during the 
period of the cerebral arrhythmia and may follow for some 
period of time after the discharge. Characteristic premoni- 
tory symptoms may be experienced during the period of aura. 
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A display of psychomotor agitation, restlessness, irritability 
and headache is quite common. The patient may have a 
patchy memory for the events immediately antecedent to a 
fugue. An amnesia is typical for the period of fugue and the 
patient shows no tendency to patch the lacuni of memory with 
retrospective falsification. 

Case 1: A captain in the army hospital for diagnostic study 
of headaches, with a differential diagnosis of epilepsy, was 
receiving dilantin on therapeutic trial. While on leave from 
the hospital he held up a taxi driver at gun point and drove 
off with the vehicle. One bullet was exploded during the 
encounter; no one was injured. The taxi driver described the 
army officer as in a “dreamy” state. During the course of the 
trial it was brought out that fellow officers had noted on sev- 
eral brief occasions that the patient appeared to “drop off 
into space” and appeared to be out of contact with his sur- 
roundings. Others confirmed attacks which appeared to be 
typically psychomotor. A history of such blackouts went back 
to World War II. The patient claimed amnesia for the period 
of time during which the alleged holdup took place. In full 
uniform, he drove the “borrowed” taxi to the gates of the 
army encampment where he was a patient, and made no 
attempt to elude or evade capture. Nor did he have an elab- 
orate tale of marital unhappiness or professional jealousy. 
He described his mood prior to the incident as one of appre- 
hension and inner distress, of restlessness and of inner tur- 
moil culminating in a violent headache. It was with these 
symptoms that earlier fugue states had been associated and 
for these symptoms he had sought hospitalization. There was 
no falsification or elaboration with which he explained his 
amnesia, and there was little tendency to elaborate his com- 
plaint. Electroencephalograms were on the borderline of 
normal. Had he not committed an antisocial act, this case 
might have been considered as a rather typical psychomotor 
attack. Two independent experts, one appointed by the court, 
agreed to the presence of psychomotor epilepsy. This patient, 
however, went to prison. 

This case represents an absence of retrospective falsifica- 
tion in the epileptic. The patient accepts the fact that he 
cannot remember. In this regard he resembles the hysteric. 
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2. Amnesia Associated with Hysteria 


The hysteric is blandly indifferent to his amnesia. This 
can be readily ««plainable when the purposive nature of 
amnesia when it presents as a hysterical manifestation is 
recognized. The young man who on his wedding night wan- 
ders from his hotel room and is found several days later, 100 
miles distant, is intent on escape. The student who disappears 
the day before finals is in a similar predicament. In the hys- 
teric, retrospective falsification is not present. Even in those 
cases where a criminal act has been performed, either before 
or during an amnesic episode in a susceptible individual, the 
degree with which the subject falsifies and elaborates the ante- 
cedent period may lend a clue to the nature of the disturbance 
and be highly diagnostic. It should be possible to evaluate 
whether an individual first committed an act and then wiped 
out any trace of this act through hysterical mechanisms, or 
whether the act was committed during a trance state. In addi- 
tion to a careful study of the total life pattern of the indi- 
vidual, the presence of elaborations and falsifications of a 
retrospective or retrograde nature may be diagnostic. The 
individual committing an act which is followed by a hysterical 
amnesic episode often elaborates entirely too much. He 
appears to falsify in order to justify. The true hysteric sim- 
ply does not remember what he did, and is even more sur- 
prised than his examiners when episodes of abhorrent 
behavior are brought to his view. 


(b) With Retrospective Falsification 


1. Amnesia, Head Injury 


Following a head injury a patient may conduct himself for 
a brief period in an apparently normal manner but be com- 
pletely unable to recall the accident or the events for several 
hours thereafter. Such states of automatism with amnesia 
are very significant. The duration of the initial period of 
unconsciousness is another important criterion of the severity 
of brain injury. A retrograde amnesia for the injury itself 
is present in almost all cases of severe brain injury, includes 
those significant events immediately preceding the injury and 
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is also proportional to the severity of the injury. Any period 
of coma longer than 24 hours may be quite serious from a 
prognostic standpoint, for recovery from such a prolonged 
period of unconsciousness is usually very slow and compli- 
cated, with periods of lethargy and inertia, bouts of confusion 
and, inevitably, amnesic difficulties. 

In cerebral blast concussion, patients recover from the 
initial period of unconsciousness and almost invariably have 
a retrograde amnesia. 

Amnesias following electro-shock treatment deserve men- 
tion due to their relative frequency. The patient with amnesia 
following electro-shock behaves more like the epileptic. The 
paroxysmal stimulus, while external and controllable at the 
hands of the physician, does, in many respects, parallel that 
uncontrollable electrical discharge characteristic of the epilep- 
tic state. While confusion and disorientation might be pres- 
ent, prolonged disturbance of the Korsakoff type rarely 
occurs. 

Hyperinsulinism presents severe clouding of sensorium 
with a complete amnesia. 


Case 2. Amnesia Following Head Injury: 


A carpenter, 60 years of age, fell 14 feet from a scaffolding 
and sustained a severe concussion with cerebral contusion 
from laceration. He was unconscious for four days and had 
difficulty with motor co-ordination for several weeks. Eventu- 
ally he regained full use of his extremities and, apart from 
post-concussion headaches and complaints of memory dis- 
turbance which interfered with his ability to return to full 
employment, his neurological picture could be described as 
negative. When questioned concerning the accident some 
months after the trauma, the patient had an amnesia for a 
period immediately preceding, during, and for approximately 
a week following the trauma. He presented, as he came out of 
coma after several days, a Korsakoff picture, which gradually 
cleared up. Months after recovery, when confronted with the 
period of amnesia, the patient presented a rather elaborate 
and involved series of explanations, which at times appeared 
almost hallucinatory. The patient appeared to be unable to 
accept the hiatus in his memory and sought, by confabula- 
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tions, to continually re-establish his identity. He was con- 
stantly elaborating on past experience. For example, as a 
young man he had played a musical instrument in a small 
town band in the Middle West. When questioned concerning 
his past history, at which he confessed some haziness, he 
described a somewhat grandiose musicianship. 

This patient had, six months after injury and while yet 
suffering from headaches and unable to enter upon full 
employment, agreed that he would construct a house as a 
contractor and described, again in an elaborate way, his 
exploits in the contracting field. In reality, he had never 
engaged in contracting but had worked as a carpenter, at 
which he was quite skilled. Although his claims as a con- 
tractor appeared patently exaggerated, when confronted in 
court with his alleged exploits as a contractor, he was at a 
loss to explain the discrepancy between his actual abilities 
and his confabulations, and he made so poor an impression 
that he lost his ease. The elaborate confabulation he pre- 
sented as to his ability and capacity was based upon a thread 
of reality. For 40 years he had been a competent, able car- 
penter who had risen to foreman status and had accepted and 
fulfilled work of considerable responsibility. This confabula- 
tory trend, when elaborate, constitutes a retrospective 
falsification. 


Theoretical Aspects 


The psychopathology in the so-called psychogenic amnesia 
consists primarily in a running away from a particular situa- 
tion. The individual seeks to run from his memories, his asso- 
ciations and his reminiscences. It is characteristic for the 
individual who presents an amnesic disturbance to run away 
from the scene where the situation to be evaded occurs or is 
about to occur. This outstanding characteristic of an amnesia, 
the running away, is a part of the process of forgetting and 
has a significant and purposive aim. Abeles and Schilder (1) 
consider in cases of psychogenic amnesia that the motivations 
for the turning away from past experience and from present 
experience occur in a relatively superficial layer of that which 
we call consciousness. As an example of an even more super- 
ficial layer of consciousness, are those many small incidents 
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which we, in the course of our everyday life, discard as of 
little significance and from which we turn away and forget. 
The mechanism is one of repression, and such repression is a 
denial of the importance of the event. 

Repression may be utilized against conflict arising in the 
present or against conflict arising in childhood. The repres- 
sion which is directed against childhood reminiscence is much 
more thorough and inclusive. Our character traits may be 
said to be based upon the successful repression of certain 
childhood reminiscences and the elaboration of other traits 
derived from childhood reminiscence. The amnesia in the 
hysteric demonstrates the causa! connection between that 
which is forgotten and the personal problems of the indi- 
vidual, problems of the present feared or of the immediate 
future to be evaded. Retrospective falsification at this super- 
ficial level does not occur in a hysteria; the patient evidently 
wishes to forget. 

The amnesia after head injury is of an entirely different 
nature. The retroactive amnesia, by definition, includes inci- 
dents and events prior to accident which may be extensively 
forgotten. As with the hysterie and/or psychogenic amnesia, 
the individual has forgotten a part of his life experience, but 
personal problems have indeed little to do with the attitude 
and the mood which accompanies the forgetting. It is impor- 
tant that this type of forgetting in which specific motivations 
are not discernible be clearly distinguished from that for- 
getting which is of psychogenic origin. Schilder and Hart- 
mann (2) have called this type of amnesia “organic amnesia.” 
What is most significant is the fact that a wish to forget is 
not present in the unconscious as such. 

The nature of the pathological alterations of this type of 
“organic amnesia” is not known. We know much more of the 
psychological nature of repression, and the mechanisms of 
hysteria are most familiar. We know very little of the neuro- 
psychological aspects of amnesia or the organic amnesia. 
What is important, according to Schilder (3) is the fact that 
in both the psychological as well as the physiological or 
organic type of repression, when memory is inaccessible to 
the conscious ego, such repression does not destroy memory 
traces but simply makes them inaccessible. There appears to 
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be a connection between the forgetting common to everyday 
life and the forgetting seen in organic repression. This is 
common in the Korsakoff syndrome. The individual turns 
again and again from experience and demonstrates difficulty 
in retention. However, the experience can eventually be 
recalled, hence is obviously not forgotten, merely inaccessible. 
A retrograde amnesia thus is an involuntary turning away 
from experience. 

To study the sequence with which memory becomes accessi- 
ble to consciousness might be helpful in understanding the 
fundamental difference between the hysteric amnesia and the 
organic amnesia. The first memory trace constitutes the 
beginning of a constructive process of which memory is com- 
posed. Final experience, as reconstructed in memory, is 
merely the culmination of many memory traces involving 
temporal, spatial and emotional factors which finally stabilize 
into a recollection of past experience. Single memories are 
fitted together as in a jigsaw puzzle, relations of one item to 
another item are re-created and manipulated until a final, 
more or less fixed interrelationship of memory traces pre- 
vails. Experiences are related in both a spatial as well as in 
a temporal plan. Similar experiences are brought forth, 
identified, accepted or rejected as fitting or as inappropriate. 
Throughout the entire process of a recollection preceding the 
actual recall of experience there appear to be two processes 
at work. One occurs as an entirely unconscious or partially 
preconscious process by which symbols signal, beckon and 
lead by the hand, as it were, the processes of memory from 
their abstract symbolic representations to concrete form. 

There is a parallelism and a similarity between the work- 
ings and the processes of memory and of thought. We must 
constantly keep in mind those closely related instinctual as 
well as cultural drives or trends which are of the highest 
importance in our attitude toward the world as it exists and 
as it is experienced. Emotional factors play an important 
part in facilitating the process of memory as well as that of 
thought. That which is unpleasant is blocked from conscious- 
ness, is repressed; that which is not remembered is blocked 
from memory. Emotional factors facilitate or obstruct the 
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free flow of memory as well as impair or facilitate freedom 
of thought processes. 

“During the process of remembering, parts of the situation 
come up in the form of fleeting images. These fleeting images 
may be more or less different from what we actually wish to 
remember. The study of optic imagination shows this very 
clearly. Even these simple considerations indicate that we 
must have a double system of memory; one a complete and 
true copy of the actual experience; and the other incomplete, 
symbolic, and fleeting. The anticipatory scheme is, therefore, 
the complete remembrance about which we have knowledge 
and which we reach by diagrams and optic pictures, which 
have to be chosen and readapted. Thus through a construc- 
tive process we regain the memories of the past.” (4) 

Schilder considers memory a dynamic process in which 
images are brought forward as a help in the reconstruction 
of a memory but do not constitute the actual remembrance. 
There must be an interest, a wish, and a tendency to revive 
the past experience which arises in connection with the pres- 
ent, and which is necessary for the patient as he strives and 
searches to reconstruct his memory which is, in fact, his 
identity. A remembrance is considered complete when the 
“anticipatory scheme” (to quote Schilder) has been fulfilled 
and the individual representations are fitted into the anticipa- 
tory scheme. A final remembrance can only be established 
and form the basis for a new action when the total recall is 
reasonably complete and adequately reformulated. The 
importance of Schilder’s contribution to an understanding of 
the amnesic state is highly significant. The concept that there 
must be a double system of memory, one a complete and true 
copy of actual experience and another more symbolic (and 
subjective), is valuable in differentiation of and classification 
of the amnesia of the organic type in differential diagnosis 
with other forms of amnesia. 

The pathological cases in which forgetting seems to be a 
focal issue help us to understand related problems of memory. 
The Korsakoff syndrome is a classical disturbance of memory 
retention. Recent experience is hastily forgotten and impos- 
sible to recall. Almost every organic brain condition, if severe 


Vol. 2° No. 3 971 








JOURNAL OF FORENSIC SCIENCES 


enough, offers evidence of the Korsakoff syndrome. Carbon 
monoxide poisoning and head injury, brain tumors and 
arteriosclerotic vascular disease, demyelinizing disorders and 
syphilis of the central nervous system, may present the 
Korsakoff pattern. Memories of remote experience are 
usually better preserved than recent recollection. Disorienta- 
tion for space and for time are often present. Of particular 
interest to the problems of retrospective falsification are 
those distortions, elaborations and exaggerations of experi- 
ence which so often border upon the hallucinatory, yet pre- 
serve a germ of fact. Past experiences may be represented in 
the sheer confabulation of a Baron Muenchhausen. The 
important point to be stressed is that the confabulation is not 
a form of entertainment; it is a disturbance of perception and 
probably a disturbance of thinking. The work of Heinz Hart- 
man and Schilder (5) has demonstrated that short indecent 
tales told to Korsakoff patients are reproduced in a distorted 
way, but the substitutions coming from the patients bear 
remote resemblance to the primary content or appear as a 
symbolic representation. Indecent stories were often edited 
and reported in the language of symbols. Of impovtance is 
the fact that content known at one moment cannot be recalled 
at a later instant, but this forgotten content can be elicited 
through hypnosis. In this organic type of condition, that 
which is forgotten is inaccessible. 

Schilder (6) has demonstrated that the confabulations and 
falsifications of the Korsakoff individual are based upon ex- 
isting and retained memory data upon which elaborations 
are embroidered. In this regard the double system of memory 
as outlined takes on new significance. The organic memory 
loss functions at a relatively primitive level of recollection 
and recall. The patient is unable to recreate a definitive mem- 
ory in its temporal and spatial aspects. The forgotten ma- 
terial is inaccessible. But he can reproduce fleeting symbolic 
representations or memory which appear as elaborations, 
undergo distortions and condensations, are frequently cen- 
sored of indecent content and occasionally bring out vulgarity 
when such does not exist, and not infrequently seek a happy 
ending, often in contradistinction to the grave situation the 
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patient himself presents. The phenomenon of “witzelsucht” 
probably can be explained on this basis. 


Syndromes Associated with Organic Amnesia 

Cerebral anoxia in its acute and subacute manifestations 
presents predominant disturbances of memory as well as psy- 
chotie pictures. Cases of pseudoparesis have been described 
in which memory disturbances are prominent. In the course 
of recovery, amnesia is common with visual and auditory 
hallucinations, confusion and irrationalities. Imperfect mem- 
ory is usually a prime complaint. Very often aphasias are 
associated with the psychotic manifestations. 

Occasionally a case of anoxia incident to anesthesia is re- 
ported. While the pathological picture is often limited to the 
globus pallidus, often the visual cortex presents subtotal de- 
struction and multiple areas of softening have been observed 
in nonspecific areas of the cerebrum. One case of acute cere- 
bral anoxia has been studied by the writer. In this case the 
patient failed to regain consciousness after anesthesia. Res- 
piratory or cardiae distress or failure had been noted during 
the surgery. This patient presented signs of decerebrate 
rigidity. After a long period of convalescence in which de- 
lirium was interspersed with coma, the patient survived at 
a little more than vegetative level. As speech returned, the 
patient demonstrated marked forgetfulness, had completely 
lost all social graces and interests. Irritability was marked 
and the memory was found impaired. This patient presented 
retrospective falsifications. Minor incidents and reminis- 
ceneces were elaborated and exaggerated. A careful attempt 
was made to evaluate this phenomenon. It did not appear 
to be hallucinatory or delusional but rather the elaborations 
were based on fragments of actual experience. Such a case 
demonstrates the thin border between falsification and hallu- 
cination. 

Many of the symptoms of altitude sickness, with which we 
have become increasingly familiar in recent years due to the 
commonplace use of air travel facilities, are those due to 
anoxia. Characteristic symptoms are headaches and drowsi- 
ness, weakness with increasing fatigability, respiratory ir- 
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regularities, a period of euphoria with an ensuing mental 
dullness. One of the tests for the acute stages of this symptom 
is similar to that used in determining response to anesthetic. 
The patient is asked to recall numbers. Perseveration of 
counting suggests the organic quality of the handicap. Occa- 
sionally amnesic episodes occur. Although I have not seen 
evidences of retrospective falsification in individuals suffer- 
ing from acute or subacute altitude sickness, I believe this 
symptom should be looked for. The occasional presence of 
euphoria suggests a somewhat similar mechanism is at work. 

In pathological intoxication there is frequently aggravated 
activity of the repressed, aggressive impulsive type, for al- 
though consciousness is impaired, there is no accompanying 
impairment of activity. When sobriety returns, such patients 
frequently present amnesias. The majority of alcoholics of 
this type recognize their absence of recollection and recall 
with some alarm. It frequently leads them to do something 
about their drinking. Certain states of pathological intoxica- 
tion markedly over-react to external stimuli; these are often 
the cases in which alcoholism is present in individuals who 
have at one time or another suffered a severe concussion or 
sustained a craniocerebral trauma of moderate to severe de- 
gree. Those alcoholic individuals with epileptoid constitutions 
might well be included in this group, for in states of patho- 
logical intoxication such patients often have convulsions with 
true epileptic seizures, and behave under alcohol with aggres- 
sive outbursts. While these cases may not consistently pre- 
sent amnesic disturbances, there is a decided abnormality in 
the function of the cortical cells, and organic determinants 
of impaired function are frequent. (The electroencephalo- 
gram charges are abnormal, and the enzyme systems are in- 
terfered with.) 

Chronic alcoholism syndromes include polyneuritis, alco- 
holic pseudotabes, alcoholic psychoses, nicotonic acid defi- 
ciencies encephalopathology (pellegral ganglion cell disease) 
and frontal atrophy, Wernicke’s disease, cerebellar atrophy, 
Marchiafava’s disease and subdural hematoma. These con- 
ditions may frequently coexist; in such conditions, as well 
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as in the Korsakoff state, retrospective falsifications should 
be suspected. 

Korsakoff’s psychosis develops not only in chronic alecohol- 
ism but in states of severe vitamin deficiency, malnutrition, 
cachexia from malignancy, dysentery, or conditions of chronic 
poisoning. The precise mechanism of the toxic action of 
alcohol on the nervous system is not known. Vitamin depri- 
vation appears to be the presenting sign. Nicotinic acid de- 
ficiency resulting in encephalopathology and thiamin hydro- 
chloride deficiency resulting in Wernicke’s disease ; aleoholism 
may have a destructive effect on the vitamin utilization. 
There is evidence in the case of Wernicke’s disease that 
aleohol is destructive to the significant vitamins. 

The case par excellence in which the Korsakoff syndrome 
presents is Wernicke’s disease, which can be defined patho- 
logically as a syndrome characterized by protracted changes 
of the blood vessel walls of the brain with a subacute degen- 
eration of the parenchyma, usually periventricular areas of 
localized tissue degeneration and patchy petechial hemor- 
rhages are present throughout the lesions. In this condition 
there are alterations of the state of rigidity due to lesions 
of the substantia nigra, and frequently the thalamus and 
hypothalamus are involved. In these states there is inevitably 
a clouding of consciousness. This condition presents par ex- 
cellence the organic type of memory disturbance, and in this 
condition retrospective falsification is frequent and often 
more evident during the period of recovery than during the 
period of acute disturbance. 

It seems logical to view those hallucinatory experiences in 
alcoholic hallucinosis and in delirium tremens, while projec- 
tive in nature, as allied. It is not uncommon to note that the 
person recovering from a delirium tremens or an alcoholic 
hallucinosis, constantly falsifies as he attempts to piece to- 
gether the lacuni of memory antecedent to the acute disturb- 
ance. 


The Sense of Time 


Another significant disorder within the general structure 
of amnesia is the altered appreciation of the sense of time. 
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In the Korsakoff patient with severe memory disturbance, 
there is an altered awareness in the ability to perceive time. 
Again, it has been adequately demonstrated that under hyp- 
nosis such patients have a fairly accurate appreciation of 
past events. However, the perception of the present and of 
the recent past utilizes specific experience; the perception of 
the remote past presents an entirely different situation. The 
complicated structure needed on which recollections of the 
past are established and by which experiences can be allocated 
in a temporal sense cannot be developed in children or in the 
mentally defective. In the Korsakoff psychosis, the patient 
shows an ability to retain in experiments on facility of learn- 
ing. However, a Korsakoff patient confabulates whenever 
he is required to bring forth material that is hazy in his 
memory. 

Whenever the temporal order of experience in the past is 
unclear, these experiences are perceived as experiences of the 
present. Once the order of experience has been re-established, 
the confabulation disappears. This fact appears of highest 
importance in understanding of the falsification present in 
those amnesic states in which the temporal order of experi- 
ence (as part of the function of memory) is unclear to the 
patient. 

Again, as Hartmann and Betlheim (7) have demonstrated, 
on telling indecent stories to Korsakoff patients, memories 
demonstrate condensations and symbolic projections and are 
handled not unlike the materials of which dreams are made. 
In everyday psychoanalysis the pattern by which memories 
are reconstructed during the process of free association ap- 
pears to confirm several of the concepts presented. For ex- 
ample, during an attempt at recollection, symbolic representa- 
tions appear which lead to the recollection of a fragment of 
a fact hazy in memory. A further incident or two, and a sig- 
nificant temporal association assists the patient to find a 
fixed point or points of orientation in time, and in interper- 
sonal relationships. It is easy to recognize that emotional 
factors are of significance in the repression of a traumatic 
psychie experience and, in turn, keep from consciousness that 
which is recorded in a deeper strata of memory. 
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Conclusion 


The subject of amnesia has been reviewed and classified. 
Three typical cases of amnesias associated with hysteria, 
psychomotor epilepsy and with head injury were reported. 
The Korsakoff syndrome has been extensively exploited for 
clinical and theoretical suggestions to establish and clarify 
the symptom of retrospective falsification. This symptom 
was found to be frequently present as a late symptom asso- 
ciated with the amnesia of a severe head injury. It was sug- 
gested that the amnesia of the hysteria is fundamentally a 
wish to forget; whereas the amnesia of the head injury may 
be considered an organic amnesia. The patient truly wishes 
to remember and in so doing confabulates. The confabula- 
tions are based on definitely personal and highly symbolic 
memory content. 

In theoretical discussion the Korsakoff syndrome was 
studied as an organic disturbance of cortical function, and 
the nature of memory was considered to consist of a dual sys- 
tem; one, the point for point memory, often inaccessible in 
organic amnesias, and the second, a symbolic memory system 
readily accessible to consciousness. The symptom of retro- 
spective falsification offered a clue, when present, as to the 
nature of the pathology. Its presence in delayed post-trau- 
matic head injury deserves constant study and search. It may 
be confused with malingery and grave injustice may be done 
to a patient suffering from head injury when confabulatory 
recollections are considered as pathological lying. It is of 
importance in the diagnosis of hysterical amnesia; for the 
hysterical amnesic patient does not confabulate but presents 
a rather bland indifference to his memory loss. When con- 
fabulations are seen in what appears to be a hysterical set- 
ting, a careful study should be made to eliminate evidences 
of trauma. 
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Accidental, Fatal Poisoning with 
Diphenylhydantoin (Dilantin) 


Charles S. Petty, M.D.,* Rudolph J. Muelling, Jr., M.D.** and 
Harlan W. Sindell, M.D.,*** New Orleans, La. 


It is a rare occurrence when a case of accidental poisoning 
“an be exactly characterized by the amount of toxie sub- 
stance taken, time of ingestion, clinical course, and finally, 
the demonstration of the toxic agent in the body after death. 
This is the report of such a case. It is presented with several 
objectives in mind. First, to record accidental, fatal poison- 
ing with a drug commonly employed in therapeutics; second, 
because this drug has only rarely been incriminated as a 
cause of lethal intoxication; third, to indicate how one of the 
newly developed “electronic” laboratory instruments may be 
of value in the post-mortem identification of a toxic substance. 

Diphenylhydantoin (Dilantin) has been used since 1938 in 
the treatment of epilepsy following its introduction by Merritt 
and Putnam (1). Many eases of toxicity primarily mani- 
fested by lesions in the oral cavity, skin eruptions, and less 
frequently liver or hematopoietic dysfunctions have been re- 
ported. More than fifty references have appeared in the 
literature of the English speaking peoples concerning these 
not infrequent manifestations to prolonged therapy with 
diphenylhydantoin. 
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To our knowledge, acute rapidly fatal intoxications with 
diphenylhydantoin are limited in the literature to two re- 
ports. The case reported in 1951 by Tichner and Enselberg 
(2) was suicidal; that reported in 1952 by Schmeiser (3) was 
accidental. A short summary of these two reported cases is 
given in Table 1. For purposes of easy comparison, our own 
case is summarized in the same table and a more detailed 
report is elaborated below. 


Table 1—Reported cases of fatal diphenylhydantoin poisoning 

















Time- 
Poison- 
Author, Age, Sex, Pre-existing Type of Total Dose ing to 
Date Color Disease Poisoning MGM./KG. Death 
Tichnerand 16 F None Suicide Unknown 41 hrs. 
Enselberg Cc 
1951 
Schmeiser 7 M None Accidental 2 grams 42 hrs. 
1952 WwW 100 mgm./kg. 
Petty et al. 3-4/12 M Epilepsy Accidental 3.2 grams 34 hrs. 
1956 C (Schilder’s 220 mgm./kg. 
Disease ) 
Case Report 


The patient was a 3%.-year-old Negro male who was seen in the 
emergency room at Charity Hospital March 24, 1956, at 12:00 mid- 
night. This was two hours after the ingestion of four fluid ounces 
of an elixir containing a total of 3.2 grams of diphenylhydantoin 
(Dilantin). This preparation was prescribed for the control of 
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epileptic seizures said to date from several months following a 
Hemophilus influenzae meningitis in April, 1955, nearly a year 
prior to the admission detailed here. During the admission for 
meningitis, H. influenzae was cultured from the cerebrospinal fluid. 
Penicillin, sulfadiazine, and chloramphenicol therapy were employed 
and the child was said to have no residuum following the meningitis, 
until several months had passed. Seizures resembled petit mal at 
the outset, but later were more of a grand mal type. Phenobarbital 
and diphenylhydantoin, the latter in doses up to 150 milligrams daily, 


did not control the seizures to any great extent. 
to four seizures were noticed per day. 


As many as three 





Clinieal 
Course 


Treatment 


Autopsy 


Examination for 
Diphenylhydantoin 





Semicoma when 
first seen. 

Coma. 

Aref lexia. 
Arrhythmias and 
conduction 
defects. 


Gastrie lavage. 
Mag. sulfate. 
Oxygen by nasal 
catheter. 
Analepties. 
Penicillin 

I. V. fluids. 
Plasma. 


Congestion 
of brain, 
lung, kidney. 
Renal hemor- 
rhage. 

Foeal fatty 
degeneration, 
liver. 


Method not stated. 
6 mgm. percent in 
brain. 





Coma when first 
seen. 

Reflexes 
vigorous. 

Motor activity. 
Tetanie spasms. 
Kussmaul 
respirations. 
Tracheal rales. 


Gastrie lavage. 
Enema. 

Mag. sulfate. 
40% glucose. 
[. V. fluids. 
Analepties. 
Luminal. 
Phlebotomy. 


Edema of brain, 
liver, lung, 
kidney. 
Bronehitis. 


Bronchopneumonia. 
Dilatation of heart. 


Opaque swelling 
of liver, kidney. 
Central fatty 
degeneration of 
liver. 


No examination 
deseribed. 





Lethargie when 
first seen. 

Coma. 

Absent deep 
tendon reflex. 
Minor convulsive 
seizures. 


Gastrie lavage. 
Caffeine-Sod.- 
Benzoate. 
Gamma globulin. 
[. V. fluids. 
Penicillin. 


Dilatation of heart. 


Diffuse searring, 
left frontal and 
parietal lobes. 


Qualitation only. 
UV transmittance. 
Recording 
spectrophotometer. 





Approximately one hour after the ingestion of the diphenylhy- 
dantoin elixir, the patient was noted by the parents to act “drunk,” 
then to appear sleepy. Upon the initial examination in the emer- 
geney room, the patient was obviously extremely lethargic. Gastric 
lavage was carried out and 2.0 ml. of a preparation of caffeine and 
sodium benzoate (containing 250 milligrams of caffeine) was given 
intramuscularly. The patient vomited once after gastric lavage. Upon 
admission to the pediatric ward at 2:45 a. m., March 24, 1956, 2 hours 
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and 45 minutes after first being seen in the emergency room, the 
patient was semicomatose, responding only to vigorous stimulation. 
Temperature (by rectum) 97.8° F.; respirations 32 per minute; pulse 
96 per minute; blood pressure 92/50 millimeters of mercury. The 
pupils did not respond to light. Deep tendon reflexes were absent. 
Leukocytes 17,400 per cubic millimeter with 81 per cent neutrophils, 
2 per cent stab forms, 12 per cent lymphocytes, 3 per cent monocytes, 
and 2 per cent eosinophils. Hemoglobin was 14 grams per cent. The 
chest roentgenogram was not remarkable. 

More caffeine and sodium benzoate (1 ml.) was given intra- 
muscularly. Gamma globulin, intravenous fluids, and penicillin were 
administered. Eight hours after first being seen at the hospital 
(ten hours after the ingestion of the diphenylhydantoin) the patient 
seemed to respond somewhat better. Several minor convulsive seizures 
were noted fifteen to eighteen hours after admission. At 7:40 a. m., 
March 26, 1956, nearly thirty-two hours after first being seen in the 
hospital, and approximately thirty-four hours after the ingestion of 
3.2 grams of diphenylhydantoin, the patient quietly expired. 

Autopsy was performed by one of us (C. S. P.) at the office of 
the Coroner, Parish of Orleans, New Orleans, Louisiana at 10:30 
a. m., March 26; 1956, three hours after the death of the patient. 
The body was that of a 3’ 6”, 32-pound Negro male. There were 
no external marks of violence. Upon reflecting the scalp, the skull 
was seen to be asymmetrical with prominence of the right parieto- 
occipital region. The dura mater was not adherent to the lepto- 
meninges. The brain weighed 1150 grams, with an expected weight 
of 1166 grams.* The left frontal lobe was contracted, occupying 
approximately two-thirds the area of the right frontal lobe. In the 
contracted area the gyri were narrowed and the sulci: broadened. 
Multiple near-coronal sections of the cerebral hemispheres revealed 
in the left fronto-parietal area extremely firm, brownish-grey white 
matter and narrowed grey matter. Very small cyst-like areas of 
irregular shape were present in the white matter. This process 
diffusely involved the frontal and parietal lobes on the left, extending 
almost to the precentral gyrus. The remainder of the left and the 
right cerebral cortex was unremarkable. There was no gross ab- 
normality of the ventricular system, the basal ganglia, the brain 
stem, or the cerebrospinal fluid. Except for marked dilatation of all 
chambers of the heart, the remainder of the gross examination re- 
vealed no abnormality. 

Microscopic examination of the grossly abnormal left frontal 
cortex revealed massive and extensive gliosis of the white matter. 
This was extensive but not uniform from one area to another. There 
were many cyst-like spaces in the areas with the most marked 
gliosis. Many foam cells were present, apparently laden with fat. 


*Taken from tables of Coppoletta, J. M., and Wolbach, S. B. “Body 


Length and Organ Weights of Infants and Children.” Am. J. Path. 9:55-70, 
1933. 
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There was little blood vessel reaction; only a minor degree of 
endothelial proliferation was noted. The grey matter was thinned, 
and there was apparent loss of neurons and satellitosis of some of the 
remaining neurons. Microscopic examination of the thoracic and 
abdominal viscera revealed no histologic abnormalities of note. 


Toxicologic Analysis 


The brain and blood were examined toxicologically for 
the presence of diphenylhydantoin. Details of the extraction 
procedure are given for the brain tissue; that for the blood is 
much the same. One hundred and fifty grams of cerebral 
cortex were minced and extracted with 95% ethanol. The 
ethanol was evaporated and the residue was extracted with 
hot 100% ethanol. Following filtration an equal volume of 
water was added. The ethanol was then evaporated, and the 
aqueous phase was extracted with petroleum ether. The 
aqueous solution was then evaporated, and the residue picked 
up with 0.05% sodium hydroxide solution. The solution was 
then brought to an acid pH (using litmus paper as an in- 
dicator) by adding, drop by drop, 7.0% sulfurie acid. This 
phase was extracted with four portions of chloroform. The 
chloroform phase was dried and evaporated. The residue was 
dissolved in 50% ethanol, acidified with sulfurie acid, ex- 
tracted with ethylene dichloride. This solvent was then dried, 
evaporated, and the residue was redissolved in 50% ethano’ 
After suitable dilution, a curve was obtained by the use of 
the Spectracord,* using an ultraviolet source. A reproduc- 
tion of this curve, replotted to give a linear representation 
of wave-length and absorbance rather than per cent trans- 
mittanee is shown as Figure 1. Also shown in Figure 1 is a 
curve obtained from a known sample of diphenylhydantoin, 
likewise dissolved in 50% ethanol. It should be noted that 
the two curves agree insofar as the points of maximum ab- 
sorbance are concerned. 


Discussion 


The gross and microscopic pattern of the left fronto- 
parietal cerebral lesion may be designated encephalitis peri- 


* Manufactured by Warren Electronics, Inc., now a division of Perkin- 
Elmer Corporation. 
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axialis diffusa. This demyelinative type of cerebral sclerosis 
is perhaps better known as Schilder’s Disease, and has been 
well described by Adams and Kubik (4). This pathologie and 
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Fig. 1—Curves from recording spectrophotometer. “A” is curve from a 
known diphenylhydantoin solution; “B” is from extract of brain from the 
case reported here. This figure shows a linear wave length seale vs. ab- 
sorbance. The Spectracord wave length scale is not linear and without 
special equipment wave length vs. per cent transmittance is plotted by the 
machine. 
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élinical entity is often first manifested by epileptiform 
seizures. 

The technique used for the demonstration of diphenyl- 
hydantoin employed a recording spectrophotometer. For this 
particular identification an ultraviolet energy source was 
used, although the instrument is also designed to operate 
with a tungsten (visible light) souree. The principle of a 
recording spectrophotometer is not new. Coor and Smith (5) 
in 1947 deseribed a recording attachment for the Beckman 
model DU _ spectrophotometer. However, the commercially 
available forms of the recording spectrophotometer now man- 
ufactured by several firms have been marketed only in the 
past three years. 

A review of the literature did not reveal any spectro- 
photometric method for the identification of diphenylhydan- 
toin. Consequently the scheme of extraction had to be de- 
veloped and the final solvent for actual use in the curettes 
had to be determined. Although the points of maximum ab- 
sorbance did appear with acid ethanol as a solvent, the points 
were better developed using acidified 50% ethanol. With an 
alkaline solution the points of maximum absorbance could 
hardly be detected. Regardless of the pH of the final solvent, 
the points of maximum absorbance appeared at 257 and 263 
millimicrons. 

Undoubtedly this type of analysis and detection of toxic 
substances of forensic interest is in the early stages of de- 
velopment. The cost of such equipment and the relative un- 
familiarity of forensic scientists and pathologists with this 
type of instrument combine to cause delay in the widespread 
use of the recording spectrophotometer. We emphasize that 
such equipment is now available, is extremely versatile, and 
ean reduce sharply the time involved in making spectro- 
photometric analyses. Where previously it was necessary to 
take repeated readings at different wave lengths to character- 
ize the spectrophotometrie qualities of a substance, the re- 
cording spectrophotometer can scan and record the ultra- 
violet or visible spectrum in little more than one minute. 
Quantitation is also possible with varying techniques using 
the recording spectrophotometer. The advantages of such 
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an instrument are many and widespread use of it in the near 
future must be anticipated. 


Summary 

A ease of fatal, accidental poisoning with a single ingestion 
of 3.2 grams of diphenylhydantoin (Dilantin) by a 3%2-year- 
old boy is reported. The clinical course and the autopsy find- 
ings of encephalitis periaxialis diffusa (Schilder’s Disease) 
is detailed. A method, employing a recording spectrophoto- 
meter, for the identification of diphenylhydantoin is described. 


The authors acknowledge the most helpful assistance of Rubye Porrier 
Ory, Chemist, office of the Coroner, Parish of Orleans. They also thank 
Nicholas J. Chetta, M. D., Coroner, Parish of Orleans, for his constant 
stimulation and permission to publish this case. 
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Sudden Death from 


Myocardial Infarction 


Bela Halpert, M.D., Ethel E. Erickson, M.D., and 
Ferenc Gyorkey, M.D.,* Houston, Texas 


A recent survey at the Veterans Administration Hospital, 
Houston, Texas, revealed that among 1,800 veteran patients 
examined after death, 195 had occlusion of a coronary artery 
with infarction or extensive scarring of the myocardium (1). 
Since myocardial infarction may result in sudden death, it 
may become of medicolegal interest; therefore, a restudy was 
undertaken of the data on the 195 patients as to the time of 
infaretion and the time of death with particular reference to 
the number who died suddenly. 


Survey of Cases 

Of the 195 patients examined post mortem, 97 died of the 
first attack, 21 survived the first attack three months to one 
year. Of the remaining 77 patients, 42 survived one previous 
attack from six months to over four years; 13 survived two 
previous attacks from six months to three years between the 
second and third attacks. The remaining 22 lived from three 
to twenty years with clinical record of myocardial damage 
and gross and microscopic evidence of old or recent infarction 
of the myocardium. Among the 97 patients who died of the 
first attack, 16 died suddenly: 8 while in the hospital and 8 on 
the way to the hospital. Of the 21 patients who survived the 
first attack for three months to one year, 2 died suddenly. 
None of the remaining 77 patients died suddenly. 

Of the 18 patients who died suddenly, 10 could have become 
of medicolegal concern; however, only 2 were so considered. 





*From the Department of Pathology, Baylor University College of Medi- 
cine, and the Veterans Administration Hospital, Houston, Texas. 
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The pertinent data on these 10 patients may therefore be of 
special interest. 


Data on Patients 


Case 1. A 62-year-old white man was operated on for a perforated 
gastric ulcer on July 11, 1951, when a subtotal gastrectomy was per- 
formed. One month later, while still in the hospital, he developed 
sudden pain in the chest and died within five minutes. At necropsy 
(N-157-51) there was infarction of the myocardium, posteroseptal, 
left. Other pertinent observations were: nephrosclerosis, arterial and 
arteriolar; cardiac hypertrophy (wt. 405 grams). 


Case 2. A 52-year-old white man was known to have diabetes 
mellitus for ten years. He died shortly after arrival at the hospital 
with no other history elicited. At necropsy (N-24-52) there was 
infarction of the myocardium, anterolateral and septal, left. Other 
pertinent observations were: arteriolar nephrosclerosis with slight 
intercapillary glomerulosclerosis; cardiac hypertrophy (wt. 400 
grams); hydropic change in islands of Langerhans; fatty change 
of liver. 


Case 3. A 50-year-old white man was admitted to the hospital in 
shock and died a few minutes later. At necropsy (N-59-52) there 
was sclerosis of the coronary arteries with marked diminution of their 
lumina and obstruction of the circumflex branch of the right with 
scarring of the myocardium (wt. of heart, 345 grams). 


Case 4. A 45-year-old white man was said to have had heart 
trouble for a long time. He was dead on arrival at the hospital. At 
necropsy (N-246-52) there was marked sclerosis of the coronary 
arteries with occlusion of the right and an acute infarct in the left 
ventricle (wt. of heart, 400 grams). 


Case 5. A 45-year-old white man was known to have had angina, 
myocardial insufficiency, and cardiomegaly for two months. He was 
dead on arrival at the hospital. At necropsy (N-270-52) there was 
sclerosis of the coronary arteries with occlusion of the left and infare- 
tion of the myocardium, anteroseptal, left. Other pertinent findings 
included: nephrosclerosis, arterial; cardiac hypertrophy with scarring 
of the myocardium and dilatation (wt. 500 grams). 


Case 6. <A 61-year-old white man developed shortness of breath 
without pain and died a few minutes after admission to the hospital. 
At necropsy (N-318-53) there was sclerosis of the coronary arteries 
with occlusion of the anterior descending branch and infarction of 
the myocardium, anteroseptal and posterior, left (wt. of heart, 420 
grams). Other findings included: carcinoma, urothelial cell, of uri- 
nary bladder; pneumonia, focal, bilateral. 
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DEATH FROM MYOCARDIAL INFARCTION 


Case 7. A 59-year-old Negro man was given 300,000 units of peni- 
cillin by a dentist for an abscessed tooth. He immediately went into 
shock and died 15 minutes later. At necropsy (N-186-54) there was 
sclerosis of the coronary arteries with myocardial scarring and dileta- 
tion with infarction, posterior. Other findings included: nep? ro- 
sclerosis, arterial and arteriolar; cardiac hypertrophy (wt. 600 
grams) ; hyperplasia of prostate. 


Case 8. A 37-year-old white man had a subtotal gastrectomy under 
general anesthesia for bleeding duodenal ulcer. Immediately after 
the operation he had a cardiac arrest that necessitated administration 
of oxygen and cardiac massage. All efforts at resuscitation failed and 
the patient died in a few minutes. At necropsy (N-14-55) there was 
marked atheromatous change in the coronary arteries with infarction 
of the myocardium, anteroseptal, left (wt. of heart, 325 grams). 
Other findings included: rupture of heart with suture; acute encepha- 
lomalacia of right basal ganglia and septum pellucidum. 


Case 9. A 66-year-old white man had been receiving electro-shock 
as psychiatric therapy. After the seventh treatment he went into a 
grand mal seizure and died five minutes later. At necropsy (N-75—55) 
there was sclerosis of the coronary arteries with myocardial infare- 
tion, rupture of myocardium and cardiac tamponade. Other findings 
included: nephrosclerosis, arterial and arteriolar; cardiac hyper- 
trophy (wt. 380 grams) ; cortical adenomata of suprarenal glands. 


Case 10. A 41-year-old white Army sergeant complained of pain 
in his abdomen. Four hours later he was found dead in bed. At 
necropsy (N-183-55) there was sclerosis of the coronary arteries with 
scarring, and myocardial infarction, lateral, left. Other findings 
included: nephrosclerosis, arterial and arteriolar; cardiac hyper- 
trophy (wt. 480 grams) ; acute hyperemia of viscera; infarct in lung, 
right. 


Comment 

It is of note that the 18 patients who died suddenly with 
infarction or extensive searring of the myocardium were 
among the 118 who died in their first attack; furthermore, 
that none of the remaining 77 patients who survived the first 
attack for longer than one year died suddenly. Of the 18 
patients who died suddenly, only 10, i. e., a little over 5 per 
cent of the total number of patients examined, might have 
become of legal concern. In these, as in the entire group of 
veteran patients examined who died of myocardial infarction, 
there was cardiae hypertrophy contingent on nephrosclerosis 
and hypertension. 
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Summary 

Among 195 veteran patients who died with infarction or 
extensive scarring of the myocardium, 18 died suddenly and 
all in their first attack. Only 10 of these, or a little more than 
5 per cent of the total, died under circumstances that might 
have caused legal concern. 
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Fatal Air Embolism Following 
Intrascrotal Injection in a 
Transvestite 


Lester Adelson, M.D.,* Cleveland, Ohio 


Air embolism as a cause of sudden and unexpected death 
is seen occasionally in medicolegal practice. The subject is 
adequately treated in standard texts of traumatic pathology 
(1, 2,3), and a voluminous literature has accumulated concern- 
ing the clinical and experimental aspects (4) of the problem. 
A wide variety of therapeutic, diagnostic, roentgenographic 
and traumatic events has been described as causative factors. 
A recent fatality in a transvestite presents such an unusual 
mechanism by which a sufficient quantity of air under pres- 
sure gained entrance into the peripheral veins that the case 
is considered to be worthy of report. 


Case 

The decedent, a 52-year-old white male, was found dead 
at his place of employment. The body was completely un- 
clothed except for the presence of a woman’s type white 
“wedgie” sandals on the feet. On a utility table near the 
body were a stack of white hand towels, a hat pin (Figure 1), 


Fig. 1—Hat pin found at scene. Dried blood is visible near the pointed end. 





* From the Laboratory of the Cuyahoga County Coroner’s Office and the 
Institute of Pathology of Western Reserve University School of Medicine, 
Cleveland, Ohio. 
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a black silk dress, a green wash cloth, a jar of vaseline jelly, 
an unused band-aid and a bicycle pump (Figure 2). A hollow 
needle of the type used to inflate footballs and basketballs 
was present on the end of the pump hose in place of the 
usual tire valve attachment. The needle was soiled with blood 
and a greasy substance (Figure 3), and the shaft of the hat 
pin was soiled with blood. 





Fig. 2—Bicycle pump with hollow needle on end of hose. 


Autopsy 

The body was that of a moderately well-developed white 
male in complete rigor mortis. The neck veins were distended. 
There was a fusiform swelling of the shaft of the penis (Fig- 
ure 4). Palpation of this area elicited “crackling” diagnostic 
of subcutaneous emphysema. The scrotum was distended by 
air. A needle puncture mark was present over the median 
scrotal raphe (Figure 4), and there was evidence of recent 
ejaculation. The medial aspects of both thighs and the ante- 
rior surface of the scrotum were soiled with streaks of dried 
blood. 
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FATAL AIR EMBOLISM 


Internally, gas bubbles were readily visible in the inferior 
vena cava and left iliac vein. The right atrium and ventricle, 





Fig. 4—Scrotum with needle puncture mark over median raphe and swelling 
of penis due to subcutaneous emphysema. 


Vol. 2° No. 3 293 








JOURNAL OF FORENSIC SCIENCES 


pulmonary arteries, left atrium and ventricle and proximal 
aorta were filled with frothy blood. There was marked 
right-sided cardiac dilatation. The needle mark on the scrotal 
raphe communicated with the tunica communis propria of 
the left testis. A few drops of blood-tinged fluid were present 
in the sac. There was no other gross or microscopic evi- 
dence of natural disease or other injury. The blood alcohol 
was 0.09%. 


Discussion 


In reconstructing the events leading to death, it is probable 
that the victim first perforated the skin of the scrotum with 
the hat pin. After lubricating the needle-type nozzle of the 
bicycle pump with vaseline, he inserted the needle through 
the opening made by the hat pin. The diameter of the needle 
was considerably larger than that of the hat pin, ensuring a 
practically air-tight seal when the former was inserted into 
the scrotum. The pump was in excellent working order and 
was capable of building up an elevated pressure. When the 
plunger of the pump descended, air forced its way into the 
pampiniform plexus of veins and subcutaneous tissue. The 
former produced fatal venous and pulmonary air embolism, 
the latter resulted in subeutaneous emphysema of the penis. 

Several measurements were made to determine the stroke 
volume of the pump by measuring the amount of water dis- 
placed by a single downward movement of the plunger. The 
volume ranged from 270-389 ml. in six attempts. 

There is no way to ascertain whether death occurred dur- 
ing the downward passage of the first stroke, after comple- 
tion of one full stroke, or whether several strokes occurred. 
Accordingly, no categorical statement can be made as to the 
volume of air injected which produced the fatality. 

It is safe to say that even a partial stroke of the plunger 
could introduce sufficient air under pressure to be rapidly 
fatal. Larson (5) estimated that a minimum of 200 ml. of 
air were involved in each of four fatal cases of gas embolism. 
Experimental data indicate that the rate of entrance of air 
into the venous tree is the most significant factor in deter- 
mining whether or not the consequences of this event will 
be serious (6, 7). Comparatively large quantities of gas can 
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FATAL AIR EMBOLISM 


Le injected safely into the peripheral veins if the injection is 
made slowly. 

Rapidly lethal air embolism has been reported on numer- 
ous occasions where air under normal atmospheric pressure 
has found its way into a vein. With the use of a bicycle 
pump to inject the air, the circumstances were considerably 
enhanced for a fatal outcome. 

From the psychiatric aspect, the present case represents an 
unusual masochistic manipulation in a transvestite. Elabora- 
tion on this phase of the subject is contemplated in a forth- 
coming publication dealing with a series of transvestites who 
died incident to their psycho-sexual abnormality. 


Summary 


A ease of fatal air embolism is reported in a transvestite 
who injected air into his scrotum with a bicycle pump. 


Acknowledgment: The photographs were made by Mr. Lawrence Johnson, 
Staff Photographer at the Cuyahoga County Coroner’s Office. 
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Tool Mark Examination 
Techniques ? 


~~ 


David Q. Burd, B.A., and Roger S. Greene, B.S., Sacramento, 
Calif. 


For many years criminalists have been conducting examina- 
tions of tool impressions and abrasions in order to identify 
the particular tools which produced the marks. Such evidence 
is often of great value in connection with the investigation 
and prosecution of criminal eases. This is particularly true 
in burglary cases where successful criminal prosecutions are 
sometimes not possible unless one or more tools found in the 
suspect’s possession can be identified as responsible for pro- 
ducing tool marks found at the erime seene. The scientific 
study of such evidence is often very tedious and requires 
considerable time and patience on the part of the criminalist. 
Where suitable methods of examination are employed and 
time is available, it is possible to identify many impressions 
and abrasions if the responsible tools are submitted for exam- 
ination. 

Although a number of separate procedures are employed in 
the examination of tool marks, the exact techniques used will 
vary depending upon the type of tool involved, the type of 
mark, and other factors (1). In this report the authors pre- 
sent certain procedures which have been found useful in con- 
ducting such comparisons on a large number of eases over a 
period of many years in the Laboratory of the California 
State Bureau of Criminal Identification and Investigation. 

* Presented at the Ninth Annual Meeting of the American Academy of 
Forensie Seienees, Mareh 1, 1957, Chieago, Illinois. 
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Examination of the Tool Mark 

In conducting such examinations, the tool mark should first 
be examined both visually and under low magnification to 
determine the type of mark and, if possible, the type and size 
of tool involved. There are three basic types of tool marks. 
The first is an impression, which is a negative reproduction 
of a portion of the tool which contacted the marked surface. 
In some cases, the examination of such a mark will im- 
mediately indicate the type and possibly the size of the tool 
involved and whether or not a particular tool under study 
could have produced the mark. This is particularly true if 
the mark is a relatively clear imprint such as is often pro- 
duced by a punch, a somewhat rough and irregularly marked 
hammer head, or the end of a wrecking bar. 

The second type of tool mark is an abrasion, friction, or 
scrape marking. Such marks are caused by pushing, pulling, 
or sliding a tool across an object upon which are recorded 
marks produced by the surface of the tool. Even abrasion 
markings will frequently indicate the general size and shape 
of the tool. Examples are seen in many screwdriver and 
wrecking bar abrasion marks. Cut marks are also of this 
type but only seldom will an examination of a cut object 
indicate the size of the knife or other tool used. In the case 
of some cut marks on metal and particularly on wire, it is 
often possible to determine whether bolt cutters, diagonal 
cutters, pliers, or other particular types of tools were in- 
volved. 

The third type of tool mark is a combination of an abrasion 
and impression in the same mark. Usually, these consist of 
an abrasion mark at the end of which (where motion of the 
tool started or stopped) is an impression of at least part of 
the end of the tool. Many cold chisel, wrecking bar, bolt 
cutter, tin snip, and other markings are of this type. 

Normally, a rapid examination of the tool mark itself will 
indicate the type of mark and the general class characteristics 
of the responsible tool. Should such an examination be suc- 
cessful, it will make unnecessary the detailed examination of 
a large number of tools of various types and sizes which do 
not contain the proper class characteristics. Thus, detailed 
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TOOL MARK EXAMINATION TECHNIQUES 


studies can be limited to one, or at most, a small number of 
the tools which have been submitted for examination. 


Examination of the ‘l'ool 


An examination of the tool conducted under a stereoscopic 
microscope may reveal minute traces of metal, paint, safe 
insulation, or other material which could have originated from 
the object which was marked and thus indicate that a specific 
tool was responsible. In addition, the presence of traces of 
transferred material may indicate the particular part of the 
tool which made contact with the marked surface. A very 
common example of this is the presence of traces of copper on 
the blades of wire cutters, which may indicate not only which 
of several similar tools submitted was used but also the area 
on the blades which should be first examined. Another ex- 
ample is the presence of traces of metal or paint on a sledge 
hammer which may indicate the particular area on the ham- 
mer head which made contact with the marked surface and 
thus may make unnecessary the extensive and time-consuming 
examination of all surfaces of the tool. 

In examining the tool for indieations of contact with the 
marked object, any areas which show evidence of recent con- 
tact should be noted. This may appear as an unusually bright 
or shiny area on the tool where dust or corrosion has been re- 
moved. In eases where new tools coated with protective paint 
are involved, some of this paint may be missing from areas 
which have contacted the marked object. Traces of this same 
paint may also be found on the object containing the tool 
marks. 


Determining Which of Two Objects Marked the Other 

While the tool is being examined, care should be taken not 
to overlook the possibility that the tool itself may have been 
marked by the object which is contacted. Normally, the tool 
is harder and more resistant than the surface against which 
it pressed and thus only the latter contains characteristic 
markings, but occasionally the reverse is true. In one case 
which eome to the authors’ attention. a wrecking bar had been 
used to break open a padlock. The lock staple was made of 
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hardened steel which contained lettering impressed or 
stamped on its surface. One of these letters was found to have 
made a clear impression on the side of the bar. 


Examination of Tool and Mark for Similar Coarse Detail 

A microscopic examination of both the questioned tool and 
the mark should next be made under a stereoscopic microscope 
to determine whether or not there is any obvious coarse or 
unusual detail in the mark and on the tool which will indicate 
areas that are most likely to result in an identification. Such 
coarse detail may consist of a nick in the blade of a cutting 
or prying tool, an irregularly worn or broken corner on a 
screwdriver blade, or some other similar detail which should 
also be apparent in the tool mark. The finding of such ir- 
regularities often will indicate which side of the tool and the 
particular area which came in contact with the marked object. 
They may also give an indication of the manner in which the 
tool was used or the angle at which it was held in relation to 
the marked surface. If this is the ease, test marks can be 
produced with the tool and comparisons immediately con- 
ducted. In some instances where coarse detail is present in 
the mark, the best identification will not be made in this par- 
ticular area but rather in some other related area. The coarse 
detail, however, will help to orient the test and questioned 
marks and greatly facilitate making the final identification. 


Determining the Direction of Motion and Angle of the Tool 
When Mark Was Made 

Wherever possible, further examinations are made both 
visually and under low magnification to establish the direction 
of motion of the tool used to produce the questioned mark and 
the approximate angle at which the tool was held in relation 
to the marked object. The direction of motion is often 
apparent from the ridge of metal, paint, or other material 
which is pushed ahead of the marking tool. The vertical and 
horizontal angles of the tool may be difficult to determine 
without actually making test marks. Examination of the 
questioned mark will, nevertheless, frequently aid in deter- 
mining the methods to be used in producing tests. This is 
particularly true if the complete object upon which the tool 
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TOOL MARK EXAMINATION TECHNIQUES 


mark was found can be examined, rather than just a small 
section of material containing a mark or a cast or replicé 
of the mark. In the case of a pry bar abrasion on the inside 
of a safe door, for example, it is often relatively easy to 
determine the method by which the test mark should be made 
if the complete door of the safe can be examined. This will be 
indicated by the position of the mark in relation to the door 
and surrounding metal on the safe itself, which also will 
usually contain markings produced by other parts of the tool 
while the prying action was taking place. Difficulties have 
been encountered in determining how marks were made when 
only small sections of the door containing the marks, or casts 
of the marks, have been submitted. 


Selection of Material on Which to Make Test Marks 

After these preliminary examinations have been completed, 
it is necessary, in most cases, to select a material upon which 
tests can be produced with the tool in question. It is generally 
best to either duplicate the material upon which the evidence 
mark is found or to use a somewhat softer and less resistant 
surface. The latter is particularly true if an abrasion is 
found on a very hard metallie surface which may damage 
or alter the tool when the tests are made, when the tool is only 
slightly harder than the material upon which the questioned 
mark is found, or when the evidence mark is on an extremely 
abrasive surface. Another reason for using softer material, 
at least in making preliminary test marks, is that the foree 
required to produce tests on hard surfaces is often more 
than can be readily applied under simple laboratory condi- 
tions. 

In a majority of cases, where tool marks are found on 
metal, satisfactory tests can be made on sheet lead which 
is generally much softer than the tools involved. The use of 
even moderate foree on lead will record marks of a large area 
of many tools having irregular or broken surfaces which 
might leave very incomplete abrasion marks on harder metals. 
After a tentative identification has been made, it is some- 
times desirable to make additional tests in the same manner 
upon a surface which is similar or identical to the material 
uvon which the questioned mark was found. While lead is 
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most frequently used, test marks have been successfully 
made on many other materials such as modeling clay, copper, 
brass, tin, aluminum, iron, mild steel, and other materials. 
Paraffin has also been used successfully to record test mark- 
ings for comparison with tool marks found on safe insulation. 
In one case, test marks were produced with a hatchet on 
paraffin. These tests were successfully compared with a 
section of skull removed from a murder victim. 


Making the Test Marks 


Once the test material is selected, the questioned tool is 
used to produce the marks in accordance with the results 
of the observations made in the previous studies. If it has 
been possible to determine the particular area on the tool 
which probably contacted the marked surface, primary 
emphasis should be placed on tests made with this area. If 
this cannot be determined, test marks will have to be made 
using all possible areas on the tool. When abrasion markings 
are involved, it is important in making the tests to attempt 
to reproduce both the vertical and horizontal angle at which 
the tool was held when the questioned mark was produced. 
If no clues as to these angles can be deduced from the exam- 
inations of the mark, its location, and the type of tool under 
study, it is generally best to attempt to continuously change 
both the vertical and horizontal angle of the tool in relation 
to the surface being marked as the tests are made. This will 
result in markings representing a wide variety of both verti- 
eal and horizontal angles in a limited number of test marks. 

Satisfactory test marks have often been produced even 
when the exact vertical and horizontal angles used in making 
the questioned mark have not been exactly duplicated. It 
has been reported by Burd and Kirk (2) that in the case 
of many screwdriver abrasions, identifications are possible 
when the angles of the tool in relation to the marked surface 
vary as much as ten degrees. In the case of some types of 
tools, the angular tolerances permissible in making test marks 
may be much less than this figure. These tolerances will de- 
pend upon the tool under study and are related to the effee- 
tive radius of curvature of the marking edge. The criminalist 
ean often form an estimate of these angular tolerances in a 
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specific case by inter-comparing various test marks which 
he has made with the tool under study. 


Comparing the Test and Questioned Tool Marks 

The comparison of test and questioned tool marks is most 
frequently made with the comparison microscope using rela- 
tively low magnification. When the marks are very minute 
or the striation lines are extremely fine, however, somewhat 
higher magnifications may be required. Occasionally, when 
the marks are large and contain considerable coarse detail, 
and particularly in the case of impression marks, it is more 
satisfactory to photograph the test and questioned tool marks 
and visually compare the photographs as is done in the case 
of fingerprints or shoe prints. In using the comparison 
microscope, it is sometimes best to have the marks illuminated 
with a soft light set at a somewhat oblique angle to the marks. 
More often, however, stronger light from micro-illuminators 
is used. When such lamps are set at an angle approaching 
grazing incidence to the marks much greater contrast is 
produced. In some cases, vertical illuminators such as the 
Leitz Ultropak can be used advantageously. The best com- 
parison and illumination techniques should be determined by 
experimentation with the particular tool marks being com- 
pared. | 


Magnesium Smoke Treatment of Tool Marks 


Different areas on tool markings which are being compared 
will frequently differ widely in contrast due to specular re- 
flection. In some cases the questioned mark has been dulled 
by a film of oxidation or corrosion not present on the test 
mark produced in the laboratory. In other instances, the 
test mark must be made on some material having a markedly 
different color or reflectivity than the surface upon which 
the questioned mark is found. In such eases, it is of value if 
both test and questioned marks are coated with a very thin 
layer of some material which will make the contrast of all 
areas on the marks more uniform. A film of magnesium 
oxide has been found satisfactory for this purpose. An ex- 
cellent method for applying this coating is to hold both the 
test and the questioned marks over a short length of burn- 
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ing magnesium ribbon. The material containing the tool 
marks is kept in motion a few inches above the flame of the 
burning magnesium. This deposits a thin coating of mag- 
nesium oxide over the marks. The coating should be quite 
even and of the proper thickness, which is usually relatively 
simple to obtain after a little practice in using this technique 
(3). If the coating process is done correctly, even fine stria- 
tion lines in the marks will remain visible and not be masked 
by the oxide smoke coating. Once the tool marks are coated 
with magnesium smoke, it is relatively easy to conduct com- 
parisons between them under the comparison microscope, 
since both test and questioned marks will reflect the same 
amount of light and the confusing glare produced by shiny 
metal will be eliminated. Of equal importance, the contour 
of the markings will often become much more apparent after 
such treatment. 

in a number of instances in the authors’ experience, iden- 
tifications have been readily made after coating the tool 
marks with magnesium smoke when they had not been made 
even after extensive examinations conducted prior to this 
smoke treatment. Often it is worthwhile to coat the ques- 
tioned mark with magnesium smoke even during preliminary 
study and before test marks are produced with the suspected 
tool. When this is done, it will often show detail not readily 
apparent to the eye and indicate particular areas on a tool 
that may have produced the mark being studied. 

Photomicrographs can easily be taken of marks that have 
been coated with magnesium smoke which will clearly show 
the contour of the marks. If desired, once the identification 
of the test and questioned marks has been made, the mag- 
nesium smoke can be removed by lightly brushing with a 
ecamel’s hair brush or washing in water and then photo- 
micrographs taken of the same area. In some eases, the photo- 
graph is as good without the smoke as with it, but most fre- 
quently the magnesium smoked marks more clearly show the 
similarities or differences between the test and questioned 
marks. 

The accompanying illustrations show some practical appli- 
vations of the magnesium smoke technique in actual cases. 
In these instances the technique was found to be extremely 
helpful both in making the original laboratory identifica- 
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tions and in the preparation of suitable photomicrographs 
for court use. 





Fig. 1—Comparison of a tool impression on a safe door (right) and test 
impression made in lead with corner end of a sledge hammer (left). Both 
coated with magnesium smoke. 





Fig. 2—Comparison of tin snip impressions. Top: Test mark on galvanized 

tin. Bottom: Questioned mark on metal door covering at crime scene. 

Width of marks on edge of tin snips producing these impressions was 
approximately ‘40 inch. Both coated with magnesium smoke. 
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Fig. 3—Comparison of abrasion mark on inside of lock on cash box (right) 
and test mark made on lead with suspected screwdriver (left). 





Fig. 4—Same comparison as Fig. 3 with identical illumination, photographed 

after coating both marks with magnesium smoke. This illustrates the im- 

provement in visibility of the contours of the marks and reduction in 
specular reflection. 
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Fig. 5—Comparison of part of a mark made by multiple application of a 
screwdriver against a desk drawer lock (left) and a test abrasion mark 
made on lead with a screwdriver (right). 


a, 9 


> a ee ee 
ft 
+ ee 
ee i 
‘ © 


A na dl 


~ 
prot ; 

Sy, en _— 
PPI LPS ~ 


* 
{ y =) EE EN LS UT 





Fig. 6—Same comparison as Fig. 5 with identical illumination, after coating 

both marks with magnesium smoke. The correspondence of the matching 

area is much more apparent due to the clearer representation of the 
contour of the marks. 
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Other Comparison Methods 

While the comparison microscope is most commonly used 
in the comparison of tool marks, other methods may have 
equal value on some occasions. One of these methods is the 
use of the striagraph developed by John E. Davis (4). This 
instrument will demonstrate the similarity of the contours 
of some tool marks much better than is possible with the 
comparison microscope, but requires considerable specially 
built equipment. In addition, the striagraph is normally of 
use only when relatively flat abrasion marks are being exam- 
ined and when suitable test marks have been produced. It 
is essentially an instrument for completing and illustrating 
the final comparisons obtained. 

In some instances, particularly where deep impression 
marks are encountered, it is not possible to directly compare 
the test and questioned marks under the microscope. In such 
“ases, Comparisons can sometimes be conducted by making 
‘vasts of the questioned mark using moulage (5) or other 
impression plastics, such as Duraflex*, which can be compared 
directly with the surface of the tool under examination. 

Various persons have also experimented with the use of 
plastie replicas of test and questioned tool marks which ean 
be compared under the comparison microscope, using trans- 
mitted rather than reflected light. Alfred Biasotti recently 
described the use of Plastisols and Plastogels which appear 
to have great value as a method for recording and comparing 
tool mark evidence (6). 


Conclusions Which Can Be Reached as a Result of Tool Mark 
Comparisons 

As a result of the various comparisons conducted in a tool 
mark ease, one of four conclusions may be reached. These 
possible conclusions are as follows: 

I. No opinion or conelusion can be reached due to altera- 
tion of either the tool mark or the tool, which has occurred 
sinee the commission of the crime. This is not uncommon, 
particularly in the ease of tools used by burglars who are 
well informed or active, or when a considerable length of 


* Reliance Dental Mfg. Co., Chicago, Illinois. 
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time has elapsed between the commission of the crime and 
the recovery of the questioned tool. Care should be taken, 
however, to not overlook possibilities of an identification 
even when the suspected tool is known to have been altered. 
Occasionally, a portion of the tool is badly damaged subse- 
quent to the commission of a crime, but it is found that some 
areas on the tool surface have not been damaged and suffi- 
cient detail is present in these areas on both the test and 
questioned marks to justify an identification of the tool. 

II. The questioned tool can be eliminated as having been 
responsible for producing the tool mark under study. Such 
an opinion can be given when the class characteristics of the 
mark and the tool do not correspond, or even when they do 
correspond, if there is a lack of identifying detail in the 
questioned or test mark which it appears should be pres- 
ent if this particular tool did produce the mark. Before form- 
ing such an opinion, however, care should be taken that the 
possibility of alteration of the mark or tool has not oeeurred 
subsequent to the time the questioned mark was produced, 
as mentioned above. 

III. The tool may have made the mark but a conclusive 
identification is not justified. Many cases involving tool 
marks where only class characteristies of the tool are present 
fall in this category. In other instances, where extensive 
microscopic comparison reveals insufficient similarity be- 
tween the test and questioned marks or the presence of 
unexplainable differences, this opinion must also be reached. 
The strength or value of this inconelusive opinion may vary 
greatly and will depend upon the examiner’s judgment of the 
probabilities involved. 

IV. The tool did produce the mark in question. This con- 
clusion is based upon the similarity of the questioned tool 
mark and the surface of the tool or test marks produced in 
the laboratory together with the absence of significant dif- 
ferences which cannot be explained. In forming such an 
opinion the shape of the evidence and test marks, the details 
present in these marks, the similarity in the contour or pro- 
file, and the proportion of the striation lines present which 
correspond, must all be considered and found to justify the 
opinion reached. In most cases, the profile or contour of the 
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surface of the mark is of most importance, but the proportion 
of the striation lines present which correspond is certainly of 
significance. Although previous studies suggest that to make 
an identification at least 60% of the lines must match (2), it 
is not possible at present to categorically state the number 
and percentage of the lines which must correspond. 


Summary 
In this report are presented the basic techniques and pro- 

cedures commonly followed in conducting tool mark examina- 

tions. In addition to the standard methods employed in many 

criminalistic laboratories, a description is given of the mag- 

nesium smoke treatment of tool marks which has been found 

to be of considerable aid in making many such comparisons. 
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Medicolegal Slide Seminar * 


Conducted by Arnold F. Strauss, M.D.,** Norfolk, Virginia 


Case No. 1 of the Slide Seminar appeared in the Journal 
of Forensic Sciences, Vol. I, No. 1, p. 111, January, 1956. 


Case 2. Leiomyosarcoma of Stomach 


Case History: An 80-year-old severely emaciated white woman died 
suddenly. Later rumor arose in the neighborhood that the old woman, 
who was a burden on her family, may have been poisoned. 

Beeause no adequate cause of death could be elicited by investiga- 
tion, an autopsy was ordered by the medical examiner. It revealed a 
severe arteriosclerosis involving the coronary arteries with an infarct 
of the spleen and a large cystic tumor involving the omentum. The 
tumor measured on cut surface 18 x 13 inches (measurements in 
medicolegal autopsies are taken in inches and not in metric measure- 
ments, to which the jury is not accustomed) and weighed 360 grams 
(12 oz.). It extended down to the pelvis and, at its upper end, was 
connected with the stomach. It was a large, lobulated, irregular mass 
with eystie parts which were filled with brown fluid. The cut surface 
otherwise was firm and yellow. Some areas showed hemorrhagic 
necroses. The gastric mucosa was not ulcerated. 


Discussion: In this tumor I found three different patho- 
logic features, all of which are assembled on your slide. 

One shows very undifferentiated stellate cells, which not 
uncommonly have nuclei in mitosis. There are extensive 
areas of necrosis and hemorrhage. These rather uncharacter- 
istic cells vary somewhat in size and have oval, often vesicu- 
lar, or oceasionally hyperchromatic nuclei. There are small 
nucleoli, and a silver impregnation does not show any reticu- 
lum fibers. (Figure 1.) 


* Presented at the American Association for the Study of N-oplastie Dis- 
eases. July 1, 1956, Chicago, Illinois. 

** Pathologist, Chief Medical Examiner’s Office and De Paul Hospital, 
Norfolk, Virginia. 
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Of the two remaining sections, one shows likewise a highly 
cellular appearance. There are band and strap-like, narrow, 
eosinophilic cells, occasionally arranged in bundles. Other 
cells are short and plump with blunted ends. Here too, you 
may find mitoses. A reticulum stain shows fine reticulum 
fibers which are not distinctly wavy as in fibrosarcoma, but 
also are not straight, thick or wiry as seen in neurogenic 





Fig. 1—Highly undifferentiated stellate cells. 


growths. They have a tendency to arrange themselves in 
parallel formation, but the reticulum fibers do surround each 
cell singly. (Figure 2.) 

The third section shows the tumor overwhelmed by fibrosis 
with a tendency to palisading. The nuclei are often rod- 
shaped with blunted ends. Vacuole cells are present, but on 
fat stain they do not contain sudanophil material. The reticu- 
lum pattern which I have deseribed before is even far more 
pronounced here. Since row-like arrangement of the nuclei is 
such a predominant pattern in this area I thought it might be 
worthwhile to check for nerve tissue. I used the Feyrter (4) 
inclusion stain. It stains myelin sheath and even the finest 
branches of the nerve fibers pink, within a few hours to 24 
hours, while mast cells, hyaline substance of cartilage, and 
mucus assume a reddish or bright red hue immediately. Tac- 
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tile bodies, adrenal medulla, and yellow cells of intestinal 
mucosa are likewise stained in this fashion. The stain merely 
consists of thionine 1 gram, tartaric acid 0.5 grams and 1,000 
ml. of distilled water. It must be prepared a few days in 
advance and it will keep in the refrigerator for several weeks. 
Not every thionine will work. One may have to try to find the 
right batch. We had no trouble with certified thionine. The 
stain is dropped on the frozen section, left there for five or 
six minutes, then a cover glass is applied and so the section is 
included in the staining solution. The stain is not permanent 
and photographs must be taken within a few days to a week 
to preserve a record. I am showing you the tumor and a 
nerve, our control, stained with Feyrter’s inclusion stain. 
(Figure 3.) 


. = 





Fig. 2—Band-like cells with eosinophilic cytoplasm and accompanying eapil- 
laries. 

The diagnosis of a spindle cell tumor is not always easy. 
The growth under discussion shows differentiated and very 
primitive areas. One of its features is its tendency to form 
palisades. This practically rules out most tumors, except 
those deriving from neurilemma and from smooth muscle 
tissue. Myoma is commonly mistaken for neurilemma which 
rarely occurs in the gastrointestinal tract. While the diag- 
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nosis is difficult in the very fibrosed and the very undifferen- 
tiated areas, the more cellular but better differentiated fields 
show cells which are unmistakably smooth muscle. They are 
eosinophilic, strap-like or show the short, blunt ended appear- 
ance of myoblasts. It is not easy to distinguish smooth 
muscle cells from other spindle cells. In Zenker fixed material 
one may see the myofibrils, but more often one cannot make 
them out. It is advisable to compare the cells in question with 
walls of small arteries which contain smooth muscle or with 
the arrectores pilorum or other smooth muscle cells present in 
the section. Similarity or dissimilarity to these cells is a good 
practical criterion for their origin and generally will not mis- 





Fig. 3—Fibrosis with tendency to palisading of nuclei. 


lead one. Reticulum fiber impregnation is likewise most help- 
ful. Neurilemma shows parallel, wire-like and thick fibers, 
and not the coarsely wavy ones of fibrosarcoma. In muscular 
tumors the fibers are straighter than in the fibrosarcoma, but 
have a tendency to extend around the cells which is absent in 
nerve tumors, even though both show a tendency to parallel 
arrangement of fibers. 

After identifying the histogenesis of the tumor the next 
question is that of malignancy. The most important aids are 
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necrosis and mitosis. Hemorrhagic necrosis is in favor of 
malignancy. The necrosis we see in this tumor is not that 
commonly observed in benign myomas of the uterus due to an 
impediment or slow cut-off of the circulation. Myomas, of the 
uterus at least, have generally only one single large vessel 
supplying them with blood. The growing tumor shifts and 
there will be a reduction of blood flow to the tumor. As a 
result we see the many regressive changes so familiar to us 
in these tumors. 

A reliable indicator of malignancy in smooth muscle tissue 
is the number of mitotic divisions. Evans (3) made mitosis 
counts per cubic millimeter of tumors. Cases with 2,200 to 
12,000 mitoses per cubic millimeter had recurrences, those 
with 200 to 800 had none. There was a hiatus between 800 and 
2,200 mitoses. No case showed this number. While his mate- 
rial is quantitatively insufficient for reliable statistical evalua- 
tion, Evan’s work points in the right direction and agrees 
rather well with the observation that we either discover a 
fair number of mitoses or practically none. If we can find 
areas in which there is one mitosis per high power field we 
are dealing with a leiomyosarcoma. If we have to search 
-arefully for mitoses the tumor will generally not metastasize. 
There is seemingly one exception. Myomas of the stomach 
and submucous myomas of the uterus may, when they ulcer- 
ate, show many mitoses at the area of the superficial necrosis. 
Careful examination, however, will show that these mitoses 
are in fibroblasts of the granulation tissue and not in the 
muscle cells. Now and then a myoma may deceive us. It may 
look perfectly benign and still have metastases. 

Leiomyoma of the stomach is a common tumor according to 
Meissner. The tumor grows in an endogastrie or exogastric 
or in an hourglass fashion. If exogastric it often appears as a 
pseudo-omental tumor (Borrmann) (2), as it did in our ease. 
The gross characteristics of malignancy are the lack of fibril- 
lar appearance and hemorrhagic necrosis, the latter even in 
an otherwise benign appearing growth. Another character- 
istic of malignancy of these tumors in the gastrointestinal 
tract, but not in the uterus, is the size of the tumor. The 
benign myoma of this area generally remains within the 
boundary of 2.0 em. Our case showed at autopsy implanta- 
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tions into the peritoneum. The latter may not definitely prove 
malignancy since secondary nodules may get detached from 
the primary growth and implant themselves into other areas. 
But in addition there were also a few metastases in the liver 
proving malignancy beyond doubt. 

Rumors of poisoning are not too uncommon in unexpected 
death. They can do a great deal of harm to the reputation of 
a family, even to the extent of making them outcasts in their 
social group. Usually these rumors are unfounded. Cases of 
poisoning which I detected at autopsies have been unsus- 
pected in deaths unattended by a physician. The result of a 
medicolegal autopsy may save a family a great deal of unnec- 
essary distress. 
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Case 3. Fibrous Mesothelioma of Prevesical Space of Retzius 


Case History: A 40-year-old white male was sitting in the back of 
a friend’s car when another car hit them almost head on. He was 
thrown against the front seat. Shortly afterwards he had trouble 
with his back and slept on a hard board. His backache increased 
slightly and he began to void a few more times a day than previously. 
Recently, about one year after his injury, he had a medical checkup. 
His physician found a mass in his abdomen which was large, non- 
tender and located in the lower half extending above the umbilicus 
and across the abdomen. Laboratory examinations were within normal 
limits, except for a few pus cells in the urine. On x-ray the small 
bowel was displaced upward by a large mass which pushed the colon 
and sigmoid to the left. The chest and spine were negative. A pyelo- 
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gram showed normal kidney function and beginning hydronephrosis 
of the right kidney and ureter. The urinary bladder was displaced 
to the left and posteriorly. At operation a large mass was removed 
which protruded from the prevesicular space of Retzius into the 
abdomen. It was loosely attached to the anterior bladder wall. On 
gross examination the ovoid tumor measured 23.0 x 19.0 x 8.0 em. 
and weighed 2,475 grams. It was well encapsulated, covered largely 
by peritoneum, and had a rubbery, firm consistency. The cut surface 
was greyish-white, irregularly fibrillar and thereby different from 
the structure of a myoma. There were cysts scattered throughout, 
measuring from pinhead to 3.0 em. in size. They made up about one- 
fifth of the mass. The question of a causative connection between 
tumor and injury arose and a liability claim came up for discussion. 

Discussion: We are dealing with an encapsulated fibrous 
tumor. The predominant cell is spindle-shaped and has an 
elongated nucleus. There are very few mitoses. The connec- 
tive tissue bundles are of various thicknesses with a very pro- 
nounced variation of their diameter. They run haphazardly, 
without any order, now and then tending to form fascicles, 
but never leading to a distinctly fascicular pattern. Blood 
vessels are capriciously distributed, often more frequent, 
often almost absent, and vessels of all sizes may be found. 
Now and then there are more cellular areas and occasionally 
nests of somewhat larger epitheloid or elongated cells can be 
found which show rarely a tendency to whorl arrangement as 
seen in pericytomas and meningiomas. The cellular areas 
present rounded and stellate elements. The over-all impres- 
sion of the growth is that of a completely confused arrange- 
ment of a patternless pattern. (Figure 1.) 

Most of the words used in describing this tumor are not my 
own. They are taken from Stout’s (13) sentences describing 
the histological characteristics of the localized benign fibrous 
mesothelioma. This tumor, fairly common in the pleura and 
also occurring in the pericardium, has been observed in the 
peritoneal cavity only three times. This ease is the first one 
in which it developed in the space of Retzius. 

The tumor was originally described as giant sarcoma of the 
visceral pleura by Klemperer and Rabin (8). In addition to 
three of their own cases they collected sixteen others which 
have been scattered in the literature under different names, 
such as, fibroma, fibrosarcoma, myxosarcoma, leiomyosar- 
coma, spindle cell sarcoma, sarcoma-like cell tumor and endo- 
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Fig. 2—Nest of mesothelial cells between irregularly arranged bundles of 
collagen fibers. 
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thelial sarcoma. The authors emphasized the slow growth to 
tremendous lethal size and the lack of metastases. Stout and 
Murray showed, by tissue culture, that the tumor originates 
from the mesothelium. (Figure 2.) 

The histologic characteristics of this neoplasm are well 
explained by Maximow’s studies which had shown that meso- 
thelial cells are able to change into fibroblast-like elements 
and form collagen fibers in tissue culture. 

Like tumors of the joint capsule, which is a close cousin in 
its way of development and function to the serosal cavities, 
the mesothelial tumors may show either spindle cells or 
cuboidal, epithelial-like elements which line tissue spaces or 
form solid nests. The synovioma tends to show both elements 
in the same tumor and is always a metastasizing growth. The 
mesothelioma, with exception of the malignant fibrous type, 
is scarcely, if ever, a metastasizing neoplasm. It either shows 
predominantly epithelial and gland-like, or predominantly 
fibroblastic patterns. Rarely are both combined in more equal 
proportions resulting in a histologic similarity to synovioma. 

The diffuse type of mesothelioma, more common in the peri- 
toneum than in the pleura, has a predominance of gland-like 
spaces and papillary projections and, at first sight, has the 
appearance of an epithelial growth to the extent that Willis 
(14) denies its existence and claims that all these tumors are 
diffuse pleural metastases from bronchial carcinomas or from 
other sources. Because of the fairly rapid growth and the 
diffuse spread there is no available cure. 

The localized mesothelioma is known to occur in several 
varieties. There is the benign, small, nodular mesothelioma of 
the male and female genital tract occurring in the epididymis 
and spermatic cord in men and in the tubes, the uterine 
serosa, the round ligament and the canal of Nuck in women. 
Its gland-like spaces may contain some mucoid material. 
There is no unanimity on the origin of this tumor. Golden 
and Ash (4), because of the doubtful histogenesis, prefer the 
term “adenomatoid tumor.” Stout (11) has classified it as 
mesothelioma. Because of its location it may well be a deriv a- 
tive of the genital area of the coelomic cavity. 
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The solitary fibrous mesothelioma which is the tumor under 
discussion has been subdivided by Stout (12) into a benign 
and malignant variety. The benign tumor which is under 
present discussion is pedunculated, but in the pleura it may 
be impossible to make out its attachment. Klemperer and 
Rabin (8) emphasized this fact. I had the same experience, a 
few years ago, when I autopsied a case with a fibrous meso- 
thelioma which was a complete cast of the pleural cavity and 
had stretched the lung into a thin, lamellary structure. There 
were a number of fine, strand-like adhesions over many areas 
of the tumor which could be removed easily, but none of them 
was strong enough to suggest the pedicle or the original 
attachment of the tumor. 

The malignant variety shows a broad attachment and, if 
pleural, may be partly intra-pulmonary. Though grossly eir- 
cumscribed the tumor is not truly encapsulated. It is reddish- 
grey and soft, in contradistinction to the hard, fibrous appear- 
ance of the benign tumor. It sometimes shows necrosis. 
Microscopically the cells are anaplastic and more deeply 
stained. Mitoses are more common. As a rule there is no 
collagen. Only delicate reticulum fibers are present between 
the individual cells. This tumor grows more rapidly and 
tends to recur. 

I suspect that there might be still another type of meso- 
thelioma. A few weeks ago Dr. DuBose Dent from the U. S. 
Public Health Service Hospital in Norfolk, of which I am the 
consultant, showed me slides of a tumor. My first impression 
was mesonephroma of ovary or mesothelioma, adeno-papil- 
lary type. When I heard the accompanying history it was a 
tumor of the pancreas. What I saw appeared to be mesothe- 
lium and not epithelium. A similar tumor is reproduced in 
Ackerman’s (1) Surgical Pathology (page 414). It was the 
first chance I had had to study such a growth. The ones I 
have previously seen had typical columnar cell epithelium. 
These cystadenomas with high epithelium have been inter- 
preted as deriving from the larger ducts, while those with flat 
cells have been attributed to the small intercalated ducts, and 
are supposed to show transitions to cuboidal epithelium. But 
mesothelium may appear epithelium-like. Our tumor showed 
duct epithelium only at its pancreatic border mixed with islets, 
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probably remnants of compressed pancreatic tissue. I think 
we should keep an open mind that there may possibly be 
another type of mesothelioma. The content of the cysts of 
such tumors should be preserved and checked for hyaluronic 
acid, a product of mesothelial cells. 

After this long excursion into pathology let us continue 
with the aspect of our case. When the patient heard about the 
tumor and the necessity of an operation, and when he thought 
of the expenses involved, he inquired at once if the tumor 
might be due to the accident. His physician told him to await 
the result of the operation. Then he was informed that, with- 
out any doubt, his tumor had been present long before the 
time of the collision. The fibrous mesothelioma is character- 
ized by its slow growth. Klemperer and Rabin (8) mention in 
their publication that a second paper may follow on the spe- 
cial subject of the slow growth of this tumor. In their own 
three cases the duration of the neoplasms is not clearly 
brought out, probably because this aspect was reserved for the 
second publication, which I have not been able to find. In two 
of their tumors the data are sufficient to state that the dura- 
tion was in excess of 614 and of 19 years. 

Timing is of far greater importance in legal than in non- 
forensic pathology. Of course, it helps us in our hospital 
autopsies by correlating disease and anatomical changes. In 
legal autopsies it often becomes the most important point, not 
only in regard to tumors, as in our case, but also under many 
other circumstances. Is a hemorrhage, an inflammatory proe- 
ess, a sear the right age to be attributed to a certain trauma? 
Is a cerebral hemorrhage due to a fall or the fall. due to a 
cerebral hemorrhage? Many times we are asked in court 
when did the person die, or, how long did he live or could have 
lived between the trauma and his death. This may be the 
most important factor in deciding between suicide and homi- 
cide, or between suicide and accidental death in which double 
indemnity is due to the descendants. Recently such a ease 
passed through the Chief Medical Examiner’s office. A man 
was found strangulated by a loop of rope attached at his bed. 
It could be proven that this was an act due to a masochistic 
practice and therefore, an accidental death. The family 
received double indemnity. The time between strangulation 
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and unconsciousness is too short for self-rescue. Our patient, 
after having been told that there could not be any causative 
relationship, dismissed the thought of a liability claim. I 
believe it is extremely important to do everything to avoid 
lawsuits. I have settled many cases amicably by explaining 
the medical background to both parties. Lawsuits are unnec- 
essary expense and distress. I tell lawyers and clients clearly 
what my standpoint will be, if necessary after a thorough 
study of the subject. If I am against their cause they won’t, 
of course, take me as their expert witness. Often I have then 
been called by the opposite side. So far I have never lost a 
case, except one. A doctor, a newcomer in town, had asked 
me to testify for a poor patient of his. The patient’s chart had 
been lost mysteriously and I had to rely on the information I 
got from his physician. In court, after listening to claimant 
and witnesses, the intelligent compensation commissioner 
asked the doctor two questions. “Do you believe that these 
people are reliable and will pay their bills?” The doctor 
answered in the affirmative. “Has your bill been paid?” The 
doctor answered “No.” After a moment of silence the com- 
missioner looked straight at the doctor and announced his 
decision: “Claim dismissed.” I suddenly understood that the 
doctor had influenced his patient to make an ill-founded claim 
in order to get his bill paid. I have never enjoyed so much 
being on the losing side. 
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Case 4. Hemangioendothelioma 

Case History: A 67-year-old Negro male was admitted to the peni- 
tentiary hospital on June 3, 1953 because of two episodes of hema- 
temesis in one day followed by the passage of tarry stools. Repeated 
transfusions failed to return the hemoglobin to normal level and he 
continued to have occasional episodes of hematemesis. The G. I. 
series were interpreted as varices of the esophagus with an irregular 
filling defect of the cardia. He progressed fairly well, but a few 
days before his death he complained of “throbbing in his head.” 
Blood pressure at the time was 140/86. On June 23, 1953 he sud- 
denly lost consciousness, became pale and clammy, and vomited. 
Blood pressure was 186/110. He expired four hours later without 
regaining consciousness. The Virginia statute requires all deaths 
occurring in prison to be investigated by the medical examiner. 

At autopsy the liver weighed 3,300 grams and contained numerous 
dark-red tumor nodules. There was a large left cerebellar hemor- 
rhage and a hemorrhage in the right occipital lobe. The brain also 
contained numerous discrete, dark-red nodules, as did the lungs. 
Small, solitary, similar tumors were found in the ileum and gall- 
bladder. 


[This case was discussed in a previous slide conference pub- 
lished in The Journal of Forensie Sciences, vol. 1, No. 1, 
p. 122, 1956. In order not to be repetitious the first part of 
the discussion is omitted. ] 

Discussion: In none of our material discussed is the tumor 
the result of the occupation of a claimant. In Virginia we 
do not have a great deal of industry, but occupational medi- 
cine is a rapidly growing specialty, and the pathologist must 
be aware of the many problems, both preventive and judicial, 
which are arising in our highly industrialized nation. 

The question of single trauma and tumor development has 
been discussed previously. Now I want to mention the Deel- 
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man effect briefly. Deelman showed that tar painted skin of 
animals will develop tumors after single trauma somewhat 
earlier at the site of the injury. This effect has not been 
shown to exist in humans until recently when Kotin and 
Kahler (7) described a skin cancer in an oil worker two 
months after a trauma. At that time the skin was healthy 
as proven by regular medical supervision. The tumor grew 
to the size of 1.7 x 1.7 x 3.0 x 4.0 em. within this short period 
of two months. The case was published to show the role of 
trauma as cocarcinogen in a skin chronically exposed to oil, 
a carcinogen. When one studies the microphotographs of the 
publication, which show a lesion compatible with a grade I 
squamous cell carcinoma, and when one thinks of the history 
of a very rapid growth which simply does not fit a low-grade 
epidermoid cancer one might easily come to the conclusion 
that the authors were possibly dealing with a lesion common 
in oil workers, the kerato-acanthoma, molluscum sebaceum 
or the so-called self-healing carcinoma. As you know, this 
growth is not a cancer, though histologically often not dis- 
tinguishable from it. 

This case, in my opinion, does not prove trauma to be a 
cocarcinogen in humans, nor do animal experiments. Even 
chemical cocarginogens, such as croton oil, are highly species- 
specific. 

Rigdon (11) in an article entitled “Trauma and Cancer” 
reports the production of benign hemangiomas in methyl- 
cholantren treated skin of ducks. These growths were more 
numerous and appeared earlier after plucking of the feathers. 
While he interprets this as cocarcinogenic effect of trauma, 
T am inclined to see the cause in the better penetration of the 
skin by the carcinogen in the plucked area. In mice, cancer 
cannot even be produced in those regions of the skin which 
lack hair follicles and sebaceous glands, which are the points 
of entrance of the carcinogen. 

If trauma of sensitized or prepared soil would cause a sud- 
den outburst of cancer in humans we would observe it in the 
biopsied carcinomas in situ of the cervix which are not re- 
moved. No one has reported such an experience. 

A trauma with sequelae, however, such as chronic infec- 
tions or fistulous tracts or burns leading to sears is without 
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doubt carcinogenic. Virchow’s idea that chronic irritation or 
the theory that constantly repeated destruction and regenera- 
tion will lead to cancer do not satisfy any more. Today we 
believe that cancerogenic agents become included in or act on 
wounds. They may have been used for their treatment, as for 
instance, ultra violet light, x-ray, oil, or tar-containing oint- 
ments. Carcinogens also may be produced in the process of a 
disease. The effect of thermie trauma is probably due to 
tarred substances from carbonization of tissues. Burn eancers 
occur only in third degree burns. 

Chemical trauma plays a far more important role than 
mechanical and thermic trauma. Substances which are can- 
cerogenous are used in industrial and other occupations and 
some are factors in our daily environment. Tar, soot, lubri- 
eant oils, petroleum, asbestos, iron hematite, arsenic, benzi- 
dene and benzol are used a great deal in industry. 

The number of workmen exposed to carcinogenic sub- 
stances was listed by the U. S. Public Health Service in 1951. 
I quote only a few instances. 

Number of workmen exposed to: 


(1) asbestos-dust 34,949 
(2) arsenic 32,855 
(3) benzene 28,121 
(4) coal-tar, pitch, petroleum derivatives, 

products of incomplete combustion 2,500,000 


These numbers are quite impressive. 

Occupation and environmental cancers produce certain pat- 
terns which we should watch and which may make us con- 
scious of their existence. 

(1) These tumors are located either at the point of the 
primary contact (tar) or in areas of selective deposition 
(arsenic, radium), or at the site of excretion (naphthyla- 
mine). 

(2) The age incidence of these tumors is generally earlier 
than in the general population. Willis has emphasized that 
cancer is a disease of old age, not because of the senility of 
the tissue, but because of the long latent period between can- 
cerogenic stimuli and tumor growth. When children 4 to 10 
years old were chimney sweeps in England scrotal cancers 
occurred in this group during the third decade. After the 
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minimum age for chimney sweeps was raised by law to 18 
years the cancer occurred during the second half of the fourth 
decade. Skin cancer from arsenic, and bladder cancer from 
naphthylamine can be cited as similar instances. 

(3) In some cases environmental and occupational can- 
cers will cause specific disease patterns, as do leukemia- 
causing agents. Stages of hypo- and hyperleukocytosis pre- 
cede the neoplastic disease. 

(4) These patterns will be found in similarly exposed 
companions of the worker. Former prisoners of war have 
made claims that their cancers were due to the period in 
captivity. These claims have been granted if malnutrition 
could be proven and there was a pattern of a preceding liver 
damage with cirrhosis followed by carcinoma of the liver, 
uterus, breast or prostate. 

Arsenical cancer is another good instance. It is often pre- 
ceded by arsenical melanosis, an increased pigmentation in 
usual location followed by the yellow, later dirty red-brown 
to blackish, confluent spots in other areas. Arsenic produces 
a precancerous dermatosis with characteristic features and 
in usual locations. Even the established malignancy presents 
a specific picture. The skin lesions develop preferably on 
regions of mechanical stress, such as palms and plantar sur- 
faces. The precancerous keratoses show a tendency to lamel- 
lar splitting of the epidermis. The cells show a marked 
tendency to vacuolization. Bowen-like giant cells looking like 
Paget-cells with prickles are present. The cells of the basal 
layer, and not rarely those higher up are pigmented. They 
often have very large and vacuolized nuclei. The manifest 
carcinoma likewise features vacuolization and very large 
nuclear size. The intra-cellular pigment seen in earlier stages 
now moves to the intercellular spaces. Arsenical carcinoma 
is often multiple. The interval between exposure to arsenic 
and manifestation of the tumor varies from 13 to 50 years. 

The recent studies of Grundmann (4) on cancer produced 
by butter yellow in the liver of rats may give us not only a 
further understanding of the process of tumor development, 
but also possibly of the different pictures we see histologically 
in precancerous stages. These investigations may lead to 
a better evaluation of the closeness of the invasive phase. 
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In rats, and I believe we see the same in humans, the major- 
ity of the liver cells are tetraploid and a small number are 
diploid and octoploid. The earliest change after feeding of 
butter yellow is a phase of endomitotic polyploidisation. 
Diploid nuclei become rarer. Octoploid nuclei and higher 
multiples predominate. In the next phase mitotic division of 
nuclei leads to ploid-reduction. At the time of early earci- 
noma the nuclei are euploid. The minimal normal number of 
chromosomes predominates. In its last stage in which the 
tumor begins to metastasize many nuclei become aneuploid 
with most any number of chromosomes. These changes find 
their morphological expression in the size of the nuclei and 
their chromatin content. 

It is fascinating to speculate that the various pictures of 
carcinoma in situ, such as shown by Reagan and Harmonic 
(10), and invasive carcinoma of the skin and cervix which 
we observe may be due to these or similar changes. A graphic 
demonstration of nuclear diameters in dysplasia of the cervi- 
cal epithelium reproduced by these authors shows the same 
three peaks of the more precise measurements of nuclear 
volume and DNA-content in Grundmann’s publication. As 
I have mentioned there may be hope that we will be able to 
predict the closeness of the invasive stage. Even now we 
are able to judge, to a certain extent, invasive or noninvasive 
on single cells in the vaginal smear. 

Let us return to the occupational and environmental can- 
cers. Hueper (5, 6), who in this country has been the leading 
pathologist in this fieid, has stated that the control of cancer 
is impeded by defective information and appreciation of its 
causes. He has emphasized that one should check for pre- 
paratory phases with nonmalignant manifestations in popu- 
lation groups from which cancers, suspicious of being exog- 
enous originate. Early age, unusual frequency and abnormal 
location should put us on the trail for search of exogenous 
carcinogens. To quote Hueper “cancers are as little products 
of spontaneous generation as is a newborn baby.” 
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Case 5. Malignant Retroperitoneal Teratoma 


Case History: A 3-month-old colored female baby was seen in the 
well-baby clinic for a mild respiratory infection. She had been slightly 
ill for two days. She did not seem to be in need of hospitalization 
and was taken home by her parents. The next morning the baby 
suddenly became weak, and when the doctor arrived she was dead. 
The autopsy revealed an extensive pneumonitis. An incidental find- 
ing was a half solid, half cystic mass over the left kidney, but not 
attached to it, weighing 250 grams. The cysts contained straw 
colored fluid. The solid portions were fleshy in appearance. 


Discussion: The tumor itself was without any medicolegal 
import. It is, however, an interesting growth, one which has 
fascinated physicians long before pathology as a specialty 
existed. It will allow the discussion of certain new aspects 
which are not without medicolegal interest. Microscopically 
the wall of the cyst is lined with ependyma, partly bordering 
on glial tissue, partly on a somewhat immature connective 
tissue. Deeper in the section we still see glia and also nerve 
tissue. There are groups of fat cells and numerous cross- 
striated muscle fibers. The latter are occasionally lying with- 
in the brain tissue. This may appear as an expression of 
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perfect disorganization. One part of the human brain, how- 
ever, may contain cross-striated muscle fibers and this is seen 
commonly in cattle. It is the pineal body. In other areas of 
our slide the muscle fibers are adjacent to groups of more 
immature cells which have the appearance of myoblasts. Their 
development to cross-striated muscle fibers can be studied 
as if one had a series of embryos. The myoblasts look quite 
different from those we see in the so-called granular cell 
myoblastomas, which are probably tumors of different types 
of histogenesis. Some of them, as Custer has shown, are 
neurogenous. Others, I am convineed, are derived from cross- 
striated muscle probably due to a regressive process, which 
may be an equivalent to the formation of oncocytes, such as 
Hurthle cells, in epithelial tissue. In certain cases of granular 
cell myoblastoma one can see in the periphery of the tumor 
and in muscle spindles cross-striated fibers which are in part 
normal, in part granular. This, in my opinion, is strongly in 
favor of a primary degenerative process with secondary 
tumorous hyperplasia. 

The second section on the slide, in addition to these eeto- 
dermal and mesodermal elements, shows entodermal struce- 
tures, especially intestine, often well-differentiated with two 
muscular coats and a good supply of nerve plexus. Adjacent 
to the large intestine we see nests of epithelial cells which are 
undifferentiated, but now and then tend to form goblet cells in 
their center. 

There is no doubt that we are dealing with a teratoma, and, 
from the pathological viewpoint, the question arises, is it 
malignant or not? As a rule of thumb we can state that adult, 
mature teratomas which consist mainly of a cyst are benign 
and that solid, immature embryonal teratomas are malignant. 
In our ease one half of the tumor is cystic and one half is 
solid. The cyst is lined with ependyma, not with skin. This 
in itself is no proof of malignancy. Cystic teratomas may 
show large cysts lined with brain tissue, respiratory epithe- 
lium, or intestinal epithelium instead of skin. But the com- 
plete absence of skin is disquieting. The occurrence of an 
ependymal lining with a mantel zone of immature brain tissue 
is common in malignant varieties. Immature epithelial tissue 
and somewhat immature connective and myoblastic tissue 
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Fig. 2—Myoblasts developing into cross-striated muscle fibers, surrounded 
by fat tissue. 


330 July 1957 











MEDICOLEGAL SLIDE SEMINAR 


points in the same direction. Teratoma is a probable source 
of rhabdomyosarcomas in unusual locations. The presence of 
immature tissue shifts the tumor into the malignant field, 
even though there were no metastases at autopsy. A solid 
teratoma may metastasize even though no immature areas 
are found. The age of the patient likewise tends to make the 
tumor potentially malignant. The highest incident of malig- 
nancy in teratoma is seen in the first and second year of life 
up to the fifth. Then there is a sharp decline, and between the 
eighth and fifteenth year, the presexual age, malignant tera- 
tomas are practically never found. As a rule of thumb I am 
inclined to consider teratomas malignant if I see any tissue in 
them which is less differentiated than that in the plugs of the 
dermoid cysts of the ovary. 

Gonadal teratomas have a life of their own. They occur 
at a later age. In the male they are generally malignant, and 
in the female benign. This is a species characteristic. In 
horses, for instance, testicle harbors benign dermoid cysts. 

Willis’ (21) statement that teratomas have no clear-cut 
boundary between benign and malignant is justifiable. This 





Fig. 3—Area with various epithelial structures. 
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is partly due to the fact that there are different types of 
malignancy in teratomas. First, they can be malignant as a 
whole and from the start, as we see it in testicular tumors. 


¥ = 





Fig. 4—Central area of Fig. 3 showing epithelial cells with sex-chromatin. 


Secondly, there may be, in otherwise mature growths only 
certain malignant or potentially malignant areas of immature 
tissue. Finally, as you and I can develop diseases so can a 
teratoma. Not only may its gastric mucosa show a peptic 
ulcer, its skin and thyroid are not immune to carcinoma. A 
muco-cellular cancer or even a carcinoid, as others and I ob- 
served, may involve its intestine. On the other hand implants 
on the peritoneum, showing many different types of tissue, 
from a ruptured dermoid cyst are not malignant. These im- 
plants may involute. (Falk cit. Ewing (9).) 

We still do not know how teratomas arise and if the genesis 
is the same in all their different locations. There are numer- 
ous theories. A teratoma might be an included undeveloped 
twin, or derive from included undifferentiated embryonal 
tissue of the bearer, or be a growth due to parthogenetic 
development of germ cells, immature or mature. It then 
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would be a child of its host. Since the study of teratomato- 
genesis has or will have an indirect bearing on medicolegal 
problems and since it has recently undergone new, interesting 
developments, it may be worthwhile to discuss the current 
theories. 

The theory of fetus in feto is out of fashion. Teratomas 
show no true organ and axis formation as do the parasitic 
growths found at the oral cavity, the chest and buttocks, or as 
the acardius does. However, the theory may see its survival 
for teratomas of certain locations. Greene’s experiment of 
transplanting rabbit embryos into the anterior chamber of the 
eye or into the testicle, which has resulted in transplantable 
teratomas, may point in this direction. 

The theory that teratomas derive from germ cells or their 
precursors is supported by the experiments of Bosaeus, who 
induced fresh frog eggs parthogenetically and implanted them 
to the coelomic cavity of the parent where they produced 
teratoma-like neoplasms. Even more in favor of the germ cell 
hypothesis are the experiments of Michalowsky and others, 
who injected zine chloride into testicles of roosters and so pro- 
duced teratomas. Germ cells arise in the extra-somatie areas, 
outside of the body of the embryo, in many species close to the 
yolk sac, and migrate along the so-called germ pathway which 
leads them to the root of the mesentery and into the gonads. 
This accounts easily for teratomas of the radix of the mesen- 
tery, the retroper itoneal and the gonadal growths. It is more 
difficult to explain mediastinal, cervical and pineal teratomas 
in this fashion. But Dantschakoff (1941) showed that pri- 
mordial sex cells in the chicken are formed at the cephalad 
pole of the embryo. Pathological observations have often 
stimulated research in normal anatomy, histology and em- 
bryology. It does not seem too farfetched to expect that the 
germ pathway will be lengthened in mammals to a more 
cephalad point of origin. 

The theory of displaced blastomeres, one of those which 
explain the teratomas as inclusions of embryonal omnipotent 
tissue, has lost its many friends after Spemann showed that 
a transplanted cell of the blastula, the pre-germ layer stage 
of the embryo, would differentiate into the same tissue into 
which it had been transplanted. 
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It has been revived, however, in claiming that certain rem- 
nants of embryonic tissue may have escaped the effect of the 
primary organizer, the region of Hensen’s node and the end 
of the primitive streak, which induces the formation of germ 
cell layers. Willis (20) is the main proponent of this idea. 

The so-called morphogenetic hypothesis explains teratomas 
as deriving from the tail trunk bud of the embryo, a region 
comprising the posterior end and a narrow adjacent median 
portion of the body. It is another non-germ cell approach. 
The notochord, the underlying entoderm which forms part 
of the gut and the basal portion of the neural groove differ- 
entiate directly from the tissue of the tail trunk bud without 
passing through a germ layer stage. Holindahl (17) (Holin- 
dahl cit. Schlumberger) applied this theory to the origin of 
teratomas placing special emphasis on those of the sacral 
area. 

Finally, there is a theory which explains these tumors as 
due to dislocation of tissues with liberation of organizers. 
The many invaginations, delaminations and migrations of 
cell groups, according to this theory, may lead to displace- 
ment of tissue where these processes are intricate. Death 
of some of these cells may lead to the liberation of organizers 
or evocators, steroid substances which induce the formation 
of new specific tissues. A good instance for the effect of an 
organizer is the development of cornea in embryonic skin, 
if lens, or cooked lens tissue, is transplanted under the skin. 
Schlumberger (17) developed an ingenious, most complicated 
hypothesis for the mediastinal teratoma based on this theory. 
However, the theory of dislocation will easily apply to tumors 
such as the craniopharyngioma. 

If we consider the teratomas for a moment according to 
their favorite locations, which are all close to the midline of 
the body, then those of the cephalic and caudal poles are most 
difficult to explain. The tail trunk bud theory fits best for 
sacral teratomas which lie beyond the region of the germ 
pathway. To my knowledge choriocarcinoma has never been 
described in these tumors, which would make their origin 
from somatic cells very likely. Here one may think of the 
fetus in feto theory, since Hickey and Layton (12) found that 
in 112 cases of sacrococcygeal teratomas 4 patients were twins. 
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The normal rate of twinning is 1 in 89 persons. About one- 
fourth of twins are homozygous. I once asked approximately 
50 women with dermoid cysts of the ovary if twinning oc- 
curred in their family. It was only true for one, which tends 
to point to a different genesis of these growths. 

One more word about the teratomas of the pineal. They 
are perplexing in many respects. They occur practically only 
in boys. The pinealoma, the specific tumor of this organ, is 
histologically indistinguishable from a seminoma of the tes- 
ticle with lymphocytic infiltration. The occurrence of cross- 
striated muscle tissue in this area, which I have mentioned 
before, points to a special way of development. Ewing ex- 
plained the pineal teratoma as a teratoid growth similar to 
the craniopharyngioma. I do not think that that is justifiable 
and, as I have mentioned, Dantschakoff’s explanation of the 
germ pathway starting at the area of the head of the chicken 
embryo may explain these tumors better. 

Willis (20) and others have tried to fight the theory of the 
germ cell genesis to the extent that he doubts the occurrence 
of chorionic elements in teratomas and the meaning of posi- 
tive pregnancy tests. But since the discovery of the sex 
chromatin the germ cell theory has arisen again, Phoenix- 
like. 

Barr (4, 5) and his associates showed that practically all 
inter-mitotie nuclei in females contained triangular chromatin 
masses with the high DNA-content of sex chromosomes. This 
so-called sex chromatin is especially visible in vesicular nuclei 
after formalin-acetic acid-aleohol fixation. It is generally 
located at the nuclear membrane. In ganglion cells it is seen 
between the nucleolus and the nuclear membrane or at the 
nucleolus. Granulocytes as seen in women show it in a drum- 
stick-like protrusion in about 1 in 60 of their nuclei. The sex 
chromatin represents the area of the female X X chromo- 
somes. The smaller male X Y chromosomes are not visible 
except in chromatolytie ganglion cell nuclei. 

So far, only a few teratomas have been studied for sex 
chromatin, but several investigators have come to the same 
results. All teratomas in females have female sex chromatin. 
However, female sex chromatin is also found in quite a num- 
ber of teratomas in males. The most likely explanation of 
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this phenomenon is that teratomas arise from the fusion of 
haploid germ cells. In females the tumors would get only X 
chromosomes. In males the results would be one X X, two 
X Y and one Y Y, which would mean that the large X X 
chromosome should appear in about one-fourth of the male 
teratomas if a sufficient number of them would be investi- 
gated. 

Our teratoma, which is derived from a female, even though 
only fixed in formalin, shows in one area female sex chro- 
matin. 

So far, female sex chromatin has been found in teratomas 
of males in the following locations: in one of three male 
mediastinal, in four of eight testicular, and in one male pineal 
teratoma. This represents a strong support of the germ cell 
theory for teratomas in these locations. It should lead us 
to fix these tumors in such a manner that we can check them 
for sex chromatin. 

For forensic purposes the determination of sex chromatin 
from small tissue pieces and from blood may become of great 
value, especially if methods could be developed in which 
tissue that is not freshly fixed or dried could be investigated. 
The high visibility of sex chromatin in chromatolytie gan- 
glion cells is encouraging in this direction. 

Sex chromatin has been used in the study of hermaphro- 
dites. It gives their chromosomal sex in male and female 
pseudo-hermaphroditism. This is of practical importance be- 
cause female pseudo-hermaphroditism is generally caused by 
hyperadrenalism. The earlier cortisone is given the more it 
helps these patients. Seven true hermaphrodites have been 
investigated. Six had female and one had male type nuclei. 
XXY chromosomes which have been suspected as the chro- 
mosomal constitution of true hermaphrodites would show up 
microscopically as female. Barr (4, 5) has rightly warned 
against using this test for legal sex determination of her- 
maphrodites, because the chromosomal sex is not rarely con- 
verse to their psychic sex which should be the determining 
factor in their life. Several years ago we had an experience of 
this kind. One of our surgeons operated on a very attractive 
young woman who had bilateral labial hernias and whose 
only other complaint was childlessness. When he incised the 
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labia he found, to his astonishment, in each a structure look- 

ing like a testicle, which was proven so by fresh frozen sec- 

tion of a biopsy. We decided to leave the testicles undisturbed 

in their location in order not to castrate the patient. We did 

not transplant them into the abdominal cavity where they 

would have atrophied and may have given rise to tumors. 

We never told the patient about it. It would have caused un- 

told complications and unhappiness. She still is happily mar- 

ried and her only complaint still is the lack of children. 

Another interesting practical application in studying sex 
chromatin is the diagnosis of ovarian agenesis and the related 
Turner’s syndrome. Barr (4, 5), as well as others, have 
shown that patients with ovarian agenesis, now renamed 
gonadal dysgenesis, though appearing to be female have male 
sex chromatin in ninety per cent of the cases. This is under- 
standable, since early destruction of fetal gonads in both 
male and female animals was consistently followed by the 
development of the reproductive tract along female lines. 
Apparently the androgenic hormone of the fetal testis is re- 
quired for maturation of the male reproductive system. 
Ovarian agenesis up to now could only be suspected and be 
proven by laparotomy, or after the age of 10 to 12 years when 
in these cases an abnormally high FSH output is found in 
the urine. All patients with gonadal dysgenesis are somatic 
and psychic females and should be left that way. 

The medicolegal implication of this case of incidentally 
found teratoma may have been far-fetched, but I hope it 
aroused some interest in this subject. 
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Case 6. Subacute Lymphocytic Leukemia 


Case History: During the last week in July 1952, a three-year-old 
girl went with her parents and other children to a shoe store. Sneakers 
were bought for all three children. The parents then began chatting 
with the shoe store owner and were in the store for about 30 minutes. 
While the parents were thus engaged the children were playing with 
an x-ray shoe fitting machine, apparently looking at their feet on 
the fluoroscopic screen of the machine. 

The child had a blood test on health checkup in March 1952 and 
in September 1952, and was found “entirely well” by her physician. 
About the middle of October 1952 the physician saw the girl at home 
for a supposed upper respiratory infection. He found generalized 
lymphadenopathy. 
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Discussion: The physician suspected that the child had 
leukemia, which was confirmed on October 15, 1952. Death 
occurred August 5, 1954. 

The question arose if there was a causal connection between 
the exposure to the x-ray in July 1952 and the discovery of 
leukemia on October 15 of the same year. Legal action was 
instituted against the shoe shop owner. 

The lymph node shows a completely destroyed architecture 
and the monotonous picture which is so characteristic for 
both lymphosarcoma and lymphocytic leukemia. It was the 





Fig. 1—Lymph node, diffuse proliferation of lymphocytes. 


There is one point worthwhile mentioning. One sees blood 
and blood pigment in the sinusoids of the lymph node. Such 
findings can be of great help in medicolegal autopsies: It is 
often extremely important and it can be most difficult to 
distinguish vital from post-mortem wounds and hematomas. 
Since blood is rapidly absorbed into the regional lymph nodes 
they should be checked for it. Finding blood there proves a 
lesion to be ante mortem. 

Dr. Mann, as the Chief Medical Examiner of Virginia, was 
asked by the insurance company of the shoe store to give his 
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expert opinion on a possible causal connection between the 
radiation and the leukemia. 

I shall take Dr. Mann’s opinion not only because it deals 
with radiation as a carcinogenic agent and the question of 
liability, but also because it gives you a good impression of 
how an expert opinion should be written. I shall go over it 
point for point, but I will omit many of the translations of 
medical terms into layman’s language in order to shorten 
this nine-page document. It first takes the facts of the case 
as they are known to you and follows with a summary of his 
opinion that there is no causal connection between the expo- 
sure to the x-ray during the last week in July 1952 and the 
discovery of leukemia on October 15 of the same year. “Such 
an opinion,” Dr. Mann states, “must of necessity entail a 
discussion of our present knowledge of human and experi- 
mental leukemia, some biologic aspects of radiation and its 
role as a leukemogenic agent, and a knowledge of the radia- 
tion potential of the x-ray shoe fitting machine in question. 
These subjects will be presented in that order.” 


A. HUMAN AND EXPERIMENTAL LEUKEMIA 


1. A definition of leukemia is given. 
2. The classification of leukemia, the different types and 
the terms acute and chronic are explained. 

3. The cause of leukemia is discussed: At the present 
time it must be stated that the etiology or cause of leukemia 
is unknown. There are, however, certain known facts about 
the production of leukemia by radiation in man and experi- 
mental animals which tend to qualify this statement. 

4. Work on experimental leukemia is reported: Although 
leukemias occur spontaneously in certain strains of mice and 
certain hormones and x-radiation routinely induce leukemia 
in certain strains of mice under certain conditions, it must 
be pointed out that there is no counterpart in the mouse of 
human acute childhood leukemia. This fact, together with 
other known information about the human and experimental 
leukemias, must be kept in mind when any attempt is made 
to apply experimental data to human leukemia. 

All forms of leukemia may be induced in certain strains of 
mice by x-radiation, but the most common form and the one 
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studied in most experimental work with radiation is lympho- 
cytic leukemia and predominantly of thymic type which has 
no exact comparable form in man. By contrast, the vast 
majority of radiation-induced leukemias in man are of the 
myeloid type. 

Other well-documented facts are known about experimental 
leukemia which are pertinent. It is of particular interest to 
learn: 

a. that the whole body of the mouse must be exposed to 
x-radiation in order to produce leukemia. 

b. that shielding of either the upper or lower half of the 
body, or even one thigh will effectively prevent the induction 
of lymphoid neoplasms from an otherwise leukemic dose of 
x-ray. 

e. that shielding of the spleen alone during whole body 
lethal or mid-lethal x-radiation resulted in a 50% to 75% 
increase in survival rate. 

d. that when a single large dose of x-ray is given there is 
but a slight increase in the incidence of thymic leukemia, 
but when the same total dose is given in small amounts over 
a period of weeks the incidence will increase up to 80%. 

The conclusions derived by the investigators from these 
observations is that when some portion of the blood-forming 
tissue is protected or shielded during total body irradiation 
the development of leukemia is prevented or materially dimin- 
ished due to some protective substance present in the shielded 
tissue. 

These facts indicate that total body exposure is one of the 
essential requisites to substantiate a causal connection be- 
tween leukemia and radiation. 


B. LEUKEMOGENIC AGENTS IN MAN 


The only external agent which has been shown to have a 
“ausal connection with leukemia in man is ionizing radiation 
from either x-ray or nuclear fission. Here I disagree some- 
what with Dr. Mann, since benzene or benzol, CgH¢, has been 
described quite a few times as causing leukemia in man and 
indole, as well as a number of cancerogenie agents such as 
anthracene derivative have produced it in mice. But this has 
no bearing on the outcome of the opinion. 
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1. Leukemia in radiologists and x-ray technicians: The 
disease is 8 times more frequent in radiologists than in phy- 
sicians in other specialties. It was most often of the chronic 
myelocytic type and was attributed to exposure to very small 
amounts of x-radiation over a long period of years. 

Not a single case was found where leukemia developed fol- 
lowing a single given dose of x-rays. 

Individuals who developed leukemia first showed abnormal 
leukocyte counts which persisted for years before the actual 
leukemic state developed. They all worked with x-ray ma- 
chines or radium in the treatment of patients and followed 
the ordinary precautions in handling these agents. None of 
the patients could single out any particular incident of radia- 
tion exposure as the one responsible for the development of 
the leukemia. 

The conclusion was reached again that these individuals 
developed leukemia as a result of total body exposure to small 
amounts of x-radiation or gamma radiation over a period of 
many years. Furthermore, the onset of leukemia required 
many months or years, and was a gradual but persistent alter- 
ation of the normal leukocyte pattern into the disease of 
leukemia. 

2. Leukemia and the atomic bomb explosions: A definite 
increase in the incidence of leukemia among persons exposed 
to the radiation from the bomb has been found. It would be 
quite erroneous and misleading, however, to draw a compari- 
son between the case at hand and this reported increase in 
leukemia rate following a single exposure to ionizing radia- 
tion from an atomic bomb explosion. 

The Japanese survivors had a total body exposure to radia- 
tion estimated to be upward to 200r. The significance between 
total body exposure and partial body exposure has been 
pointed out before. 

The Japanese survivors, with few exceptions, showed other 
manifestations of radiation exposure, e.g., loss of hair, 
nausea, gastrointestinal disturbances, radiation burns. The 
peak incidence of onset of leukemia occurred five and six 
years after the exposure. 

These survivors showed a predominance of the chronic 
myelogenous type of leukemia (41%) with acute myelogenous 
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leukemia second in frequency (26%) and acute lymphocytic 
leukemia third (16%). Only one case of chronic lymphocytic 
leukemia has been found to date. 

For several reasons no reliable studies could be made on 
children under the age of five. 


C. BIOLOGIC EFFECTS OF RADIATION 


First the effect of radiation on tissue and technical details, 
such as long and short, soft and hard waves, are explained. 
Then it is emphasized that all facts about the type, rate, ex- 
tent of exposure of the radiation in a given case must be 
known before a comparison can be made with other cases. 


D. X-RAY SHOE-FITTING MACHINES 


These machines have been in use in the United States for 
about 30 years. Many thousands of adults and children have 
been exposed to the radiation from these machines during 
that time, but no direct clinical evidence of harm from these 
machines has been reported. 

That they do represent a potential health hazard is shown 
by several studies that have been made of these machines in 
the past few years. Variations in both radiation output, 
dosage at the foot level and scatter radiation were found. 
The machines have not been prohibited, but regulations gov- 
erning the standardization and use of such machines have 
been passed by the health departments of various cities and 
states. 

Various medical groups and public health officials have 
criticized the use of x-ray units by untrained lay personnel. 
These criticisms have been directed, however, at the possible 
harmful effects of the radiation on the bone development and 
the reproductive organs of exposed individuals. Another 
question raised by these critics is whether the fluoroscope ac- 
tually aids in providing better fitting shoes than other usual 
methods. 

Three types of radiation injuries have been described that 
may result from the uncontrolled use of low-voltage x-ray 
machines in shoe stores. These injuries are: (1) Acute radia- 
tion burns due to marked overexposure, and resulting in late 
permanent skin damage. (2) Chronic radiation injury of 
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blood-forming tissue of store employees irom scattered radia- 
tion over a long period of time. (3) Interference with the 
normal foot development of children repeatedly exposed to 
the radiation. This latter injury is considered to be the more 
likely hazard since the growing bone of children is easily 
damaged by overexposure to x-rays. 

The number of roentgens required to produce interference 
with bone growth would be about the same amount required 
to produce redness of the skin, if low voltage x-ray is used. 
This would amount to about 375 to 500r of unfiltered 75 kv. x- 
rays. The use of an aluminum filter only 1.5 mm. thick would 
require almost double this dosage. The x-ray unit in the case 
at hand has such an aluminum filter. 

The possibility of the production of leukemia in children 
from exposure to the radiation from these shoe-fitting ma- 
chines was not mentioned in any of the articles. Nor has such 
a possibility been mentioned in other articles dealing with 
the possible hazards of diagnostic or therapeutie radiation in 
infants and children. The primary concern in infants and 
children is prevention of injury to the growing centers of the 
bones. 

For instance, one author concludes that the spine of grow- 
ing children could tolerate up to 2000r, but radiation in excess 
of that produces growth disturbance. Another author found 
that doses of 275 to 300r, even if repeated, produced no per- 
manent alteration in bone growth, but 440r or more resulted 
in deformities and retardation of growth of long bones. 

The points may be made even more conclusive by stating 
that no case of radiation-induced leukemia in children from 
diagnostic or therapeuti¢ radiation has ever been reported in 
the medical literature. Nor has there been any suggestion 
that the use of the fluoroscope in shoe-fitting machines could 
possibly produce leukemia. 


E. RADIATION POTENTIAL OF X-RAY SHOE 
FITTERS UNIT, SERIAL #6975 


The serial number of the unit indicates that it was manu- 
factured between June 1947 and the latter half of 1948. The 
report of the physicist who examined the machine on July 30, 
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1955 shows it to be in good working order and with roentgen 
outputs comparable to those by Victor Peterson in 1947 and 
1948 on other models. 

The machine generates long-wave x-rays of 50 kv. and is 
the type used for diagnostic x-ray work in hospitals and doce- 
tor’s offices. In calculating the radiation dosage to which a 
customer on the machine would be exposed, the reports indi- 
cate that only the radiation at the foot plate are of signifi- 
cance. Scatter radiation to customer and radiation levels at 
the eyepieces are negligible or below measurable levels. 

Thus, one of the known essential elements for the pro- 
duction of leukemia in man by radiation is absent, i.e., total 
body exposure. The shoe-fitting fluoroscope only exposes the 
feet to radiation. 

The unit #6975 only operates while the push button is held 
down, and there is a twenty second automatic timer on the 
machine. The button must be released and then pressed 
again before it will operate again. The dosage at the foot 
plate ranged from 5.5r to 8.5r per twenty second exposure. 
The dosage through the sole of a man’s shoe was about half 
the above (i.e., 2.75r—4.2r). 

In estimating the maximum dosage that the decedent could 
have received factors will be used which are in her favor. 
It is alleged that the parents and children were in the shoe 
store for about thirty minutes, part of which time was used in 
buying sneakers. Assuming that only fifteen minutes were 
used in the shoe purchase and that the remaining fifteen 
minutes were available for exposure, and assuming further- 
more that the machine was operated for every second of the 
fifteen minutes at its maximum output of 8.5r per 20 seconds, 
the radiation dosage would be a total of 382.5r. 

This certainly appears to allow for all factors in the de- 
cedent’s favor since it is highly improbable that the entire 
fifteen minutes would be spent with only the one child on the 
machine, and that the button would be depressed continuously 
for that period of time even if there were no twenty second 
automatic time. Furthermore, the maximum roentgen output 
of the machine was used and no allowance was made for the 
reduction of that output by the sules of her shoes. 
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Yet, even with ali these factors in her favor, the roentgen 
output is less than that figure previously given which was 
said to result in retardation of growth of long bones. 

We must further assume that the total alleged dosage was 
below that which would produce erythema or redness of the 
skin inasmuch as no allegation of erythema production is 
made in the complaint. 


F. DISCUSSION OF DECEDENT’S MEDICAL HISTORY 


One final argument may be advanced by the plaintiff. It 
is stated that the decedent had been examined in March 1952 
when a “blood test” was done. The result was apparently 
satisfactory. Also, the family physician saw the decedent on 
September 29, 1952 for a routine “checkup” and found her 
entirely well. 

The plaintiff might argue that if leukemia had been present 
before the alleged x-ray exposure, it would have been detected 
by the medical examinations and “blood test.” 

The answer to such argument would be something like this: 
The term “blood test” could mean any number of laboratory 
tests. The routine test on a drop of blood from the finger 
is a hemoglobin test. If the results of this test are low then 
an erythrocyte count would be done, and possibly a leukocyte 
count. The leukocyte count, however, is seldom done on 
routine “checkup” examinations unless some physical finding 
warrants it. 

Even if a leukocyte count had been done the total number 
of cells could very well have been within normal limits. This 
is demonstrated by the leukocyte count on her admission to 
the hospital. The level was 5,500 leukocytes, a normal level. 
The real leukemic state was only discovered when a differ- 
ential count was made. The latter showed 96% lymphocytes 
and 4% granulocytes. A total leukocyte count at the dece- 
dent’s visit to her doctor would therefore not have aroused a 
suspicion of leukemia. 

The statement of the family physician that on September 
29, 1952 he found decedent “entirely well” yet on October 15, 
1952 he found signs suggestive of leukemia, may have a num- 
ber of explanations. 
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His examination in September was for a routine “checkup.” 
It would be important to know how detailed the questions 
were about the past and present medical history, and how 
well the parent responded to those questions. A few bruises 
on a child of three years would not necessarily arouse undue 
suspicion for obvious reasons. No blood count was apparently 
done at that time. 

The subsequent history obtained at her first hospital ad- 
mission on October 15, relates that the parents stated dece- 
dent was perfectly well until two or three months previously 
when they noticed she became bruised easily and became pale. 
There were no other indications of sickness. Thus it can be 
seen that if the parents had made no mention of the bruising 
to the doctor on September 29, 1952, there was no real indi- 
sation of disease present at the time that would alarm the 
doctor. 

The facts of the decedent’s case differ in every respect from 
the circumstances of reported cases where leukemia has de- 
veloped after exposure to radiation, 

1. Only decedent’s feet could have been exposed. Total 
body radiation has been present in human eases and is essen- 
tial for production of animal leukemia. 

2. The interval between exposure and onset of disease 
was only a matter of days or three or four weeks at the most. 
Intervals of many years are present in reported cases. 

3. Excluding the atomic bomb explosion, there is no case 
reported in the literature of acute lymphocytic leukemia de- 
veloping in children following a single exposure to radiation. 

4. The maximum dose of radiation that the decedent could 
have received was below the amount required even to produce 
disturbance in growth of bone. 

5. The most common form of leukemia in reported cases 
is the chronic myelogenous type. The decedent had acute 
lymphocytic leukemia, the most common form that occurs in 
children. 


CONCLUSION 


In view of present knowledge of the relationship between 
human leukemia and radiation exposure it is my well-con- 
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sidered opinion that there is no causal connection between 
the alleged exposure to x-radiation of the decedent in the 
latter part of July 1952 and the development of leukemia in 
October 1952. 


SUMMARY OF OPINION 


There was no causal connection between the alleged radia- 
tion received in July 1952 and the leukemia discovered in the 
decedent in October 1952. 

Acute leukemia occurs most frequently in children under 
five years of age and is one of the leading causes of death in 
that age group. 

X-ray shoe fitting machines have been used in the United 
States for the past thirty years. Despite the thousands of 
children who have been exposed during that time, there has 
been no case reported that has even suggested a causal con- 
nection with such radiation, or radiation in any other form. 

Ionizing radiation can induce all forms of leukemia in ex- 
perimental animals and apparently can induce leukemia in 
man. 

There are certain known conditions, however, which must 
be present before leukemia will develop. These conditions 
are not met in the facts of the present case. 

To say that the cause of leukemia is unknown, therefore, 
must be qualified with respect to radiation. 

Appended to the opinion are the references used. The 
opinion was submitted by the insurance company to the plain- 
tiff’s lawyer, who consulted experts and then dropped the 
claim. 

Let me say a few words about the pathologist as) expert 
witness. In cases where he testifies in criminal prozeeding 
his only task is to provide the jury with facts on which to 
base their judgment. Unless especially hired by the defense 
he should not represent one side or the other. He surely 
should beware of becoming part of the prosecution. It would 
be dreadful if his testimony had led to the conviction of an 
innocent person. 

In civil and compensation suits, however, it is the task of 
the expert to support his side forcefully if he is convinced 
that they are right, or at least right in regard to the points 
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about which he has been asked to testify. There it is un- 
necessary to bring out points in favor of the opposite side 
unless being asked especially about them. It would weaken the 
testimony, since to begin with the expert is expected to testify 
for his side. It pays, however, to be as objective as possible. 
It is not only the right thing to do, but it impresses juries 
and judges. They will trust the testimony. I have always 
been conservative and somewhat restrained in direct exami- 
nations on the witness stand and have avoided pushing for 
my side full-speed ahead, although I leave no doubt where 
I stand. It is at cross-examination when I use my reserve 
steam and bring out every little point I have not mentioned 
before and re-emphasize those previously stated, clarifying 
them further. In a mild, friendly, school-masterly manner 
I explain thoroughly to the cross-examining attorney every- 
thing he does not want to hear. If a lawyer has sense he will 
usually stop questioning. 

I have always deplored the fact that the medical expert is 
hired and paid by one side. To me it would seem preferable 
if he were appointed by the court and paid by the losing side 
or the state. This, of course, should not prevent either of the 
litigants from bringing their own expert witness into court 
if they so desire. Hueper and others have suggested that 
compensation courts be composed of a group of experts in 
medicine, in industrial hygiene and engineering, physicians, 
pathologists, toxicologists, chemists and physicists. They 
should be made an integral part of the compensation court, 
working with and not under the representatives of the legal 
profession. In Virginia I have been impressed by the thorough 
understanding of medical matters by our compensation com- 
missioners. 

Let me return to our case of leukemia. I had Dr. Mann 
speak to you to give you an impression of an opinion written 
by an expert in writing expert opinions. But since this is 
a slide conference given by myself and unfortunately not 
by both of us, I began to study the literature on the subject 
which had appeared since Dr. ann wrote his opinion. I have 
always had a healthy respect for any type of ionizing radia- 
tion, long before the bomb over Hiroshima. Before I entered 
medical school a renal carcinoma occurred in my own family 


Vol. 2 * No. 3 349 








JOURNAL OF FORENSIC SCIENCES 


years after irradiation for myomas of the uterus. I heard of 
similar cases. Two of my autopsies on renal clear cell carci- 
noma had a radiation history. All this is possibly incidental, 
but it has made me aware for a long time of the potential 
danger of irradiation. Two of our six cases of the relatively 
rare mixed mesodermal tumor of the uterus had been pre- 
viously irradiated and so have several of our cases of endo- 
metrial carcinomas. As consultant at the Naval Hospital in 
Portsmouth, Virginia I saw an osteogenic sarcoma of the 
pelvic bones after irradiation of the uterus and another which 
arose in an irradiated giant cell tumor. As you know, many 
similar experiences have been published. Today in our hos- 
pital x-ray and radium are rarely used for treatment of non- 
malignant lesions, since our radiologist, Dr. John Foster, 
thinks very much the way I do. 

A follow-up on the literature on consequences of radiation 
treatment of children led me to Duffy and Fitzgerald’s paper 
from Memorial Hospital, New York, who reported that 10 
of their 28 cases of thyroid carcinomas in children and 
adolescents under 18 years had had previous radiation at the 
ages of 4 to 16 months for enlargement of the thymus. Carci- 
noma had been discovered 4 to 18 years later. Similar ex- 
periences were reported by Simpson (4) and his coworkers 
last year. These authors also observed 7 cases of leukemia 
in 1,400 x-ray treated children, three of whom had been ex- 
posed to less than 200r. One was only a year old when he 
developed subacute lymphatic leukemia, which means within 
a relatively short period after irradiation. Dameshek (2) 
observed three patients who developed acute leukemia one 
month after x-ray treatment of the thymus. Most of the au- 
thors are careful to point out that this does not necessarily 
prove any causal connection. Many cases of leukemia after 
various periods following radiation probably were never pub- 
lished. 

The possibility that the very young may be more sensitive 
to the carcinogenic effect of x-ray has been suspected in re- 
cent publications (Duffy and Fitzgerald, Miller). The experi- 
ence that circumcision protects from carcinoma of the penis, 
only if done in infancy and early childhood may also point 
to a stronger effect of carcinogenic agents in the very young. 
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Uhlmann (5) has taken a strong stand against any possible 
connection between single therapeutic radiation in the young 
and cancer. The article in its final sentence states that “the 
only conclusion that we can draw is the necessity of carefully 
evaluating conditions of all children and adolescents observed 
with carcinoma of the thyroid for possible clues of causal 
genetic possibilities.” We are learning more how few human 
cancers are determined genetically (retinoblastoma, polypo- 
sis, xeroderma pigmentosum). In most human cancers hered- 
ity plays a role hard to define. Cancer of the thyroid, so 
common in goiterous regions, seems to me an excellent in- 
stance of environmental malignancy. Uhlmann (5) adds 
to the literature four new cases of thyroid carcinoma after 
irradiation of the tonsils and, prejudiced as I may be, I found 
his article more argumentative than convincing. 

We live in a world able to wage but unable to protect itself 
against atomic war, a world with constantly increasing radi- 
ation exposure beginning with the slight scattering from 
television tubes, more significantly from the constantly in- 
creasing use of radiation-producing agents in industry, medi- 
cine and scientific experiments up to the atom bomb tests. 
We are worrying not only about our survival, but also about 
our genes and future mankind. We must learn to protect 
ourselves from all unnecessary exposure to any quantum of 
radiation energy. In an atomic war the amount of radiation 
previously received may well decide whether we live or die. 

However, we had better turn our back on Armageddon and 
continue with our case. I do not think that the recent publi- 
cations on the possible cancerogenic effect of single low- 
voltage radiation would change Dr. Mann’s opinion essenti- 
ally, even though a number of the statements made are no 
longer true. In a lawsuit the assumption of causal connection 
should border on certainty. At this moment it does not. How- 
ever, a good lawyer pleading to a sympathetic jury against 
a poor one may now have a chance of winning. 

Had a somewhat similar case been tried under compensa- 
tion law, which requires only reasonable possibility of cause 
and effeet relationship instead of a most probable causative 
connection, I believe the claim would have been awarded. 
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We rarely consider how apt we are to change our theories, 
how rapidly today a scientific truth may become an untruth. 
Let us not forget that our opinions are often not on the firm 
ground we would like them to be, and let us not despair about 
the slow and strange ways of the law into which we run so 
often in our forensic work. B. F. Tucker in the Women 
Lawyers Journal recently made the following statement: 
“The lag between medicine and the law is not only inevitable 
but desirable. Too often scientific theories and practices fail 
to fulfill their promises. Were medical discoveries immedi- 
ately reflected in the law, we would have not progress, but 
chaos. Science with impunity may reverse itself repeatedly, 
the law hardly ever.” 
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FELLOWSHIP IN FORENSIC MEDICINE 


Department of Pathology, Western Reserve University 
Cleveland, Ohio 


Training in Forensic Medicine is offered to qualified indi- 
viduals with a minimum of three years experience in general 
pathology. The appointment is for one year, and the period 
of training is accredited by the American Board of Pathology. 
The annual stipend is $5,000. 

The practical work is carried on in the new Cuyahoga 
County Coroner’s Laboratories located on the campus of 
Western Reserve University and includes approximately 1200 
medicolegal autopsies per year. 

Personnel and facilities for training in gross and micro- 
scopic pathology, forensic chemistry (toxicology), gross and 
microphotography, trace evidence and forensic immunology 
are excellent. Fellows will have an opportunity to participate 
in “on the scene” investigation of violent, suspicious and unex- 
plained deaths. Instruction is provided in the administrative 
aspects of the modern medicolegal office and legal procedures 
affecting forensic medicine. An active research program is 
in progress in several phases of forensic medicine. 

Experience in courtroom work is an essential part of the 
program and special attention will be devoted to instruction 
in the presentation of medical evidence in civil and criminal 
proceedings, both in trial courts and before the Grand Jury 
and Industrial Commission. 

The Cuyahoga County Coroner’s Office is an integral part 
of the Law-Medicine Center of Western Reserve University 
where courses are offered throughout the year to attorneys, 
law students, physicians, medical students, law enforcement 
officials, ete. Fellows will be encouraged to participate 
actively in the teaching program. 
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Food Poisoning * 


Lloyd B. Jensen, Ph.D., Chicago, Ill. 


The term food poisoning used by medical bacteriologists 
does not include deliberate additions of poisons to food and 
drink with criminal intent. The term also does not include 
food allergies, and some 15 entities in all age groups in which 
gastrointestinal disturbances among other symptoms not 
associated with foods, are commonly seen (1). The broad 
aspects of food poisoning, however, embrace a variety of 
causal agents: (A) six genera of bacteria, some of which pro- 
duce exotoxins, (B) poisonous tissues of green plants and 
fungi, (C) poisonous fish and shellfish, and (D) chemical 
poisons in food and drink. Inhalation of gases like methyl 
chloride and carbon monoxide may simulate some of the 
symptoms of food poisoning (6), (48). 

We preface our summary of the subjects with the apology 
that our experiences the past 40 years in laboratories, in field 
investigations, and during trials of cases have caused us to 
deliberately overweigh our discussion with practical aspects 
of food poisoning. Obviously, we can deal only with a limited 
area of the total field. The accelerated tempo of research 
naturally has rendered obsolete some of the older conceptions 
in this area. 


The Bacteria 

In decreasing order of recorded incidences of bacterial food 
poisoning in this country, we can list the causal genera or 
species as follows: Staphylococcus (Micrococcus pyogenes, 
rarieties aureus and albus), Salmonella, alpha-type strepto- 
cocci and Clostridium botulinum. In addition, European 
investiyators among others, have implicated Clostridium per- 





* Presented at the Ninth Annual Meeting of the American Academy of 
Forensic Sciences, February 28—March 2, 1957, Chicago, Illinois. 
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fringens and Bacillus cereus as food poisoning bacteria (1). 
This discussion will include Cl. perfringens, B. cereus or the 
Arizona group of paracolon organisms which resemble Sal- 
monella, the Shigellas, certain strains of the Proteus group, 
and Esch. coli of certain serological types (011B4, 055B;, and 
others) associated with infantile diarrhea. At least two vi- 
ruses (Marcy strain and F. 8. strain) and probably others also 
not related to food vectors have simulated symptoms of food 
poisoning in numerous instances (2), (3), (4), (5), (6). 

It is apparent that in establishing a sound diagnosis and 
analysis of an outbreak, symptomatology, epidemiology and 
the broad field of pathology, including microbiology, must be 
included. The other side of the picture, i.e., the preparation 
and care of foods is pointed up in the old aphorism, “What is 
wanted in food is innocence rather than repentance.” 

The journal literature on microbiology of foods and the 
literature with details on care of foods is far too voluminous 
to cite here. The interested reader is referred to a few of the 
more recent books and summaries on this aspect of foods, as 
well as to descriptions of inherently poisonous tissues of the 
plant and animal kingdoms (1), (6), (7), (8), (9), (10), (11). 


Staphylococcus Food Poisoning 

The identification of staphylococci as food-poisoning types 
cannot be made by ordinary laboratory methods. There are 
several biochemical types of these bacteria, but their classifi- 
cation has been made chiefly from their chromogenic prop- 
erties, that is, the colored pigments (or lack of pigment) 
formed on laboratory media. Only a very few strains of 
staphylococci (usually phage group IIT) are capable of form- 
ing enterotoxin under suitable conditions. These strains can 
play a role in food poisoning by growing in a suitable medium 
under definite temperatures for known periods of time. Many 
nonacid foods containing over 30 per cent of moisture can 
support growth (and toxin formation) of food-poisoning bac- 
teria. When staphylococcal cells alone are ingested (as they 
are in large numbers every day) by man or animals, food 
poisoning does not result. In aqueous media, these bacteria 
are killed at pasteurizing temperatures (143° F. for 30 min- 
utes, 160° I. to 161° IF. for 15 seconds) recommended by the 
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United States Public Health Service (Bulletin 220) in the 
milk ordinance and code. 

Staphylococcal enterotoxin is thermostabile and is not nulli- 
fied by culinary heating. Some distinguishing characteristics 
of the enterotoxin molecule are now well established (12), 
(13). It is a water soluble protein of a molecular weight of 
24,000; is antigenic; contains at least 16 amino acids with a 
high percentage of lysine, aspartic acid, glutamie acid, tyro- 
sine, serine, leucine, valine and threonine. Lysine, aspartie 
acid, glutamie acid and tyrosine make up about 50 per cent of 
the molecule which appears to be a singular aspect of this 
protein. 

Staphylococcus aureus, the golden or yellow-pigmented 
strain, is the usual kind of these bacteria implicated in food 
poisoning, although not all strains of this type can form 
enterotoxin. Staphylococcus albus, the variety*vhich does not 
form pigment, has been implicated very infrequently in food 
poisoning, although Dr. M. A. Barber (14) proved in 1914 
that the white staphylococci can cause food poisoning. Staph- 
ylococci are omnipresent in nature. They are carried in the 
nose and throat; postnasal “drip” or discharge and expelled 
sprays from coughing and sneezing ordinarily contain staphy- 
lococci. Pimples, carbuncles, boils, sores and infected cuts on 
fingers and arms, unpasteurized milk (from cows with mas- 
titis), soil, and dust in all kinds of rooms may harbor these 
bacteria. 

Potential food-poisoning varieties of staphylococci are 
identified in the laboratory, using the criteria of Dack (6), 
whose work in 1930 opened up the “modern era” in this field 
by proving the toxie nature of some staphylococci, and the 
epidemiology, symptomology, diagnosis and treatment. 

Isolations of staphylococci are made on replicate nutrient 
agar and blood agar plates ineubated at 95° F. for 48 hours, 
and additionally at 75° F. for two to four days. Chromo- 
genesis of many strains on the nutrient agar plates is 
enhanced at 75° F. There are also useful selective media con- 
taining tellurite or salt, ete., which may be used in analysis 
of samples overgrown with other bacteria. A tentatively posi- 
tive sample ordinarily shows large numbers of staphylococci, 
but a heated or cooked sample of food may not harbor viable 
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cells. Dead coccal cells are enumerated by direct microscopical 
examinations of stained smears of the emulsified food. The 
cells do not disintegrate when cooked or heated as in canning 
procedures. In case of enterotoxin formation in a suitable 
substrate, the cocci are present in large numbers. Five to ten 
or more colonies are picked and transferred to agar slants for 
stock cultures, to nutrient broth for coagulase tests, and to a 
special semisolid agar medium in flasks incubated in 15 per 
cent to 20 per cent carbon dioxide gas to be used in monkey 
feeding tests. Ordinarily 50 ml. to 100 ml. of filtered culture 
is fed to the test monkey by stomach tube. Many of the 
colonies are hemolytic on blood agar, but hemolysis provides 
no certain identifying characteristics in respect to enterotoxin 
formation by the strain. Coagulase “positive” strains—that 
is, the power of a 24-hour broth culture to coagulate citrated 
whole blood er rabbit plasma—are frequently enterotoxin 
formers, but in our experience many coagulase positive 
strains are not enterotoxin food poisoners. 

Man, and monkeys to a lesser extent, are susceptible to the 
action of enterotoxin by ingestion, but numerous: animals 
which have been tested in this manner can ingest known toxic 
filtrates with impunity. Many laboratory workers acting as 
“human volunteers” have swallowed small graded doses of 
enterotoxie filtrates, and the observers have obtained useful 
and precise data on symptoms, time of onset, time and tem- 
peratures necessary for toxin production, types of foods or 
media in which the toxin can form, susceptibility to the toxin, 
and treatment. Ordinarily, the volunteer cannot be talked 
into a repeat test. Macaca mulatta (M. rhesus) and Macaca 
irus (Cynomolgus) monkeys are the accepted test animals 
because their reactions are similar to man’s, although other 
species of monkeys can be used for demonstrating entero- 
toxin. The monkeys should first be tested for susceptibility 
to enterotoxin, and each sample should be fed in triplicate. 
Monkeys are much less sensitive to enterotoxin than most 
humans. 

From the foregoing it was established that a few humans 
and a few monkeys are not susceptible to staphylococcus 
enterotoxin, but the vast majority of people are made ill with 
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characteristic symptoms. The time of onset is usually 2.5 to 
three hours, but the range is one hour to six hours in both 
man and monkeys, depending upon dosage and susceptibility. 
The symptoms are nausea, vomiting, cramping, retching and 
diarrhea. Body temperature may be subnormal. 

C. E. Dolman (15), the Canadian authority in this field, 
observed: 


“The vomiting is accompanied, and sometimes replaced 
by, considerable retching. At first one is astonished to 
note what depths, and after what strivings, it is possible 
to recall portions of meals long forgotton . . . The 
ordeal can perhaps be compared to pregnancy, in that it 
may have been light-heartedly enough embarked upon the 
first time, but is not so willingly repeated; and in its 
being made bearable, as the situation moves towards a 
climax, only in the reflection that deliverance is bound to 
come . . . Once begun, recovery was usually rapid, the 
only after-effects being a large appetite, and a sense as 
of calm after a storm.” 

The time necessary for growth and enterotoxin production 
of pure cultures of food-poisoning strains in a_ suitable 
medium is about five hours (four to six hours). Barber (14) 
found that five hours’ ineubation of inoculated milk at room 
temperature resulted in food poisoning when he drank the 
milk. The temperature range for toxin production is 60° F. 
to 115° F. with optima in the range 90° F. to 97° F., depend- 
ing upon the characteristics of a strain (16). Experiments 
have shown that toxin development does not take place below 
60° F., and Segalove and Dack (17) found that enterotoxin is 
not formed in periods up to four weeks at 6.7° C. (44° F.) 
even though all other conditions for enterotoxin production 
were fulfilled. Gross and Vinton (18) observed that entero- 
toxin was not formed at 43° F. for two weeks in pork meats. 
To avoid hazard from growth of these bacteria, it is well to 
provide a safety margin by considering the incubation danger 
zone to be 50° F. to 120° F., especially in operating steam 
tables for food service. The cumulative effect of incubation 
at 80° F. for one to five hours followed by refrigeration at 
each interval of 12 hours, will enhance toxin formation. This 
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was found to be caused by increasing numbers of cells at each 
growth period (past the lag phase) which furnished greater 
numbers of cells to grow at the logarithmic phase and form 
toxin. 

Not all foods or media are found to support growth of 
staphylococci, and some foods supporting growth do not con- 
tain enterotoxin (6). Low-acid foods (19), (20) may support 
growth and enterotoxin formation, but some foods do not 
become toxic (21). The lag phase of growth is prolonged 
beginning at pH 5.8 and growth ceases at pH 4.4. Common 
salt in brine concentrations (ratio of salt to moisture) of 
5) per cent to 10 per cent permits growth with toxin produe- 
tion, but the lag phase of growth is somewhat lengthened. 

The growing and already voluminous literature (22), (23), 
on suppressed and altered intestinal flora following anti- 
biotic treatment recognizes clearly that enterotoxin-forming 
staphylococci can grow in the intestinal tract and cause a con- 
tinuous enterointoxication, im vivo, which if not treated in 
time can result in fatal circulatory collapse. Some of these 
‘vases have been diagnosed as “food poisoning,” and the food 
processor has been sued and forced to defend himself in court 
as a purveyor of an alleged infected food. In staphylococcal 
food poisoning the mortality rate is very low compared to the 
antibiotic-induced enteritis. 


Salmonella 


The salmonella were so named for Dr. D. E. Salmon, former 
Chief of the Bureau of Animal Industry, United States 
Department of Agriculture, who first described a member of 
this group in 1885. Over 275 serotypes have now been dis- 
tinguished. There has been a great deal of controversy on 
the role of salmonella in food poisoning and food infection. 
Dack (6) states: “Perhaps no field is more confused than the 
one concerned with the role of the Salmonella organisms in 
food poisoning.” The confusion has centered on supposed 
toxin formation by the group, and dosage of cells necessary 
to produce symptoms of illness in humans. Adequate methods 
for isolation and identification of these bacteria were wanting 
until quite recently, although much remains to be done in 
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quantitative determinations of these bacteria in various 
inocula, 

Tests performed by Dack on 24 human volunteers, who 
were fed up to 11 ounces of cell-free filtrates and heat-killed 
broth cultures of nine strains of salmonella, failed to produce 
any symptoms of illness. Verder and Sutton (24) also tested 
filtrates and heated suspensions of salmonella by feeding 
seven human volunteers, none of whom became ill. There can 
be no doubt that salmonella food poisoning is actually an 
infection and not an intoxication from supposed toxie sub- 
stances of growth. 

The dosage or numbers of salmonella necessary to elicit 
illness in humans has been studied by McCullough and Eisle 
(25), who found illness resulted with S. meleagridis at 7.67 
million cells and another strain required 24 millions cells. 
With S. anatum, the range was 587,000 and 860,000 levels for 
one strain and 44.5 million and 67.2 million levels for another. 
With S. bareilly and S. newport, the lowest dosage was 
125,000 and 152,000, respectively. S. derby produced illness at 
the highest level fed—15,000,000 organisms, although five 
lower dosage levels were employed. S. pullorum was fed at 
eight dosage levels but 1.3 to ten billion organisms were 
required to produce illness. 

The salmonella are widespread in nature and have been 
found associated with man, mammals, birds, reptiles and 
insects. Their presence in dust, soil, water and unprotected 
foods is to be expected. KE. O. Jordan (26) stated: 





“ee 


Some investigators, especially German writers, 
regard them (Salmonella) as so widely distributed in 
nature that any attempt to control the spread of infection 
is like fighting windmills. According to this view, the 
bacilli oceur commonly in our every day surroundings, 
and thenee make their way rather frequently into a 
variety of food stuffs.” 

Many standard examinations of air samples from streets 
and rooms of buildings, vacuum-sweeper dust, and swabbings 
of surfaces in areas inhabited by animals and man frequently 
show salmonella of the C group, as well as other serological 
groups. Human carriers, rodents and flies spread these bac- 
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teria. Wherever fecal coliform bacilli are found, salmonella 
may be expected, and recent examinations again show this to 
be the case. We live in an environment where salmonella may 
be present in sparse or moderately low numbers. 


Streptococci 


Streptococci of the alpha type, that is, able to oxidize red 
hemoglobin and myoglobin to the green choleglobins (1), have 
been found (as the causative organisms) in outbreaks of 
gastrointestinal irritation. Some of these bacteria, usually 
classified as Streptococcus faecalis (Lancefield serological 
group D), grown on foods and laboratory media, have been 
fed to human volunteers. Toxins or toxie substances from 
growth are not formed. Culture filtrates and heat-killed cells 
in huge dosage do not give rise to symptoms of food poison- 
ing. Our own human volunteer tests have shown that living 
cells when ingested in large numbers give rise to mild symp- 
toms of gastrointestinal irritation in most individuals, and the 
time of onset of symptoms ranges from six to 12 hours, with 
extremes of three to 18 hours. Not all Streptococcus faecalis 
strains or other alpha streptococeus strains are capable of 
causing illness. They grow in the range of 60° F. to 113° F. 
and show salt tolerance. In several outbreaks studied (6), 
enormous numbers of cells were ingested with the foods. 
Dosage can determine the initial time for onset of illness. The 
symptoms include nausea, vomiting in some cases, colic and 
diarrhea, but are usually milder in nature than those caused 
by staphylococcal enterotoxin. 

Some strains are killed at pasteurizing temperature, but 
many strains require higher temperatures. The sources of 
Str. faecalis are usually intestinal contents of man, mammals 
and birds and, subsequently, soil, dust, water and foods and 
drink which become contaminated and serve as vectors. Most 
outbreaks investigated by us (800 individuals) have been 
saused by eating poultry dressing which had been incubated 
and not adequately heated or cooked after stuffing into the 
body cavity of the fowl. Prevention of this type of food poi- 
soning calls for proper refrigeration of the food, that is, keep- 
ing the food out of the incubation danger zone, and for ade- 
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quate culinary heating of the food to destroy vegetative 
bacteria. 


Clostridium Botulinum 


Clostridium botulinum * is a spore-bearing anaerobic rod. 
There are five types of this organism, A, B, C, D, and BE, 
based upon the antigenicity of toxins, that is, serologically. 
The antitoxins for one type will not neutralize the toxins of 
another, although very large doses of type A or of type C 
antitoxin seem to exert a slight neutralizing power upon type 
B toxin (27). The physiological action of the toxins seems 
identical, but the basis for type distinction can be obtained by 
antitoxin protection in susceptible laboratory animals (white 
mice and guinea pigs) and susceptibility of various animals 
and birds to the several toxins. For instance, mink are highly 
susceptible to small doses of type C toxin and resistant to 
huge doses of the other types of botulinum toxin (28). Types 
C and D have not been reported to cause botulism in humans. 
Most outbreaks have been caused by types A and B, and a 
few by the exotoxin of the marine type E. 

Large numbers of washed spores may be fed to animals 
without producing botulism and, undoubtedly, small numbers 
of these spores are ingested daily by man, since they are 
widespread in nature. Worldwide examinations of soil sam- 
ples have shown their ubiquity. The spores do not germinate 
and grow in the intestinal tract. 

Many kinds of foods have been implicated in botulism, but 
Cl. botulinum will not grow in the presence of air. Acidities 
maintained at pH 4.4 will prevent germination of these spores 
and growth of their vegetative cells. The toxins are suscepti- 
ble to heat. K. F. Meyer (29) found that type A toxin is 
destroyed at 80° C. (176° F.) within two to 18 minutes, and 
at 65° C. (149° F.) within ten to 85 minutes. Toxin of strains 
of type B required 15 minutes at 80° C. (176° F.) for nullifieca- 
tion of toxicity, and toxin of type C required 30 minutes at 
80° C. (176° F.). Others have found type C toxin destroyed 


* Some bacteriologists designate the proteolytic varieties as Cl. parabotu- 
linum. Type A and the American type B strains proteolytic, but many 
European type B strains are not proteolytic. 
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in eight to 15 minutes at 80° C. (176° F.). Type A toxin has 
been crystallized and found to be made up of 18 amino acids 
with a molecular weight of about one million. 

In humans, botulism is not regularly characterized by gas- 
trointestinal irritation. Nausea and vomiting may in some 
instances be caused by the degree of food spoilage and the 
amount of food eaten. Constipation is the rule. The symp- 
toms are sharply contrasted to those observed in staphylo- 
coceal, streptococcal and salmonella types of food poisoning. 
Botulinum toxin is a neurotoxin and botulinum intoxication 
involves the central nervous system. In most eases the earli- 
est symptom is fatigue associated with headache or dizziness. 
Double vision or diplopia occurs early from involvement of 
the extraocular muscles controlling the eyeball. Difficulty in 
swallowing and drooling also occur early. The temperature is 
normal or subnormal. Respiration is irregular and, if death 
occurs, respiratory failure is usually the cause. The mortality 
rate is very high (about 65 per cent in the United States). 
The disease is fortunately rare in occurrence; 462 outbreaks 
have occurred in this country during the years 1899 to 1947. 

In 85 per cent of the cases, recorded symptoms of botulism 
occurred within 48 hours after ingestion of the toxin. The 
range is 12 hours to four days, usually 24 hours. The dosage 
determines to some extent the time of onset. 

Toxin is not formed at temperatures of 41° F. or lower, 
and Tanner, Beamer and Rickher stated that foods, when 
kept below 50° F., will remain safe for a considerable length 
of time (30). Type E toxin ean form at 43° F., but is very 
heat labile, and is destroyed far below pasteurization tem- 
peratures and times. It is ordinarily of marine origin. A few 
cases have been reported in British Columbia, but most of the 
known outbreaks occur in Southwest Russia. 


Inherent Toxicity of Natural Products Mistakenly Used as 
Foods 


No one knows how many humans of the several subspecies 
from the Pleistocene on through the Holocene, or present era, 
were poisoned by deceptive plant and animal tissues. Primal 
man and modern man learned that certain berries, leaves, 
roots, grains, fruiis, higher fungi, shellfish, fish, honey and 


364 July 1957 














FOOD POISONING 


insects, and certain tissues of vertebrates could cause diar- 
rhea, vomiting, convulsions, and even death (31). We shall 
deal briefly here with recent or current natural toxie products 
complicating the picture of food poisoning. 

The effects of unspoiled poisonous fish of tropical and sub- 
tropical waters have long been under observation in the South 
Pacific, Japan, Philippines, Hawaii, West Indies and else- 
where (6), (8), (9), (26), (82), (33). Recently, physicians 
have been alerted to the dangers of eating poisonous species 
of fish where they are caught or when shipped frozen to other 
parts of the country (34). The species implicated are barra- 
cuda, red snapper, herring, pompano, sea bass, perch, moon- 
fish, horse mackerel, tuna, and bonito. It is noteworthy that 
most of these fish are highly toxic only at certain times of the 
year. It is believed that the poisons are derived from the diet 
of the fish, but more knowledge is needed about the chemical 
and pharmacological properties of the toxins, as well as the 
dietary origin and distribution of the poisons in the tissues 
of the fish. Onset of symptoms occur within a few minutes to 
several hours, and in severe form the fatality rate may reach 
60 per cent. Symptoms are: nausea, vomiting, flushing, giant 
urticaria, headache, respiratory distress, and cyanosis of lips, 
tongue and gums. Shellfish poisoning was recognized in 1793 
by Captain Vancouver on the Pacific Coast (35), and occurs 
on the northern Atlantic Coast (36). Many primitive econo- 
mies have been seriously dislocated by eating poisonous 
shellfish. 

K. F. Meyer, H. Somer, and colleagues (8) of the Hooper 
Foundation, University of California, during the past thirty 
years have studied 409 cases of mussel or clam poisoning 
occurring from Juneau, Alaska to southern California. There 
is, however, world-wide distribution of shellfish poisoning. 
The mussels feed on plankton (Gonyaulax catenella) produc- 
ing “red water” in daylight and luminescence at night. The 
poison found in these dinoflagellates is one of the strongest 
known, and acts like the alkaloids belonging to the aconitine- 
muscarine-strychnine class. Some of its chemical properties 
are now known, thanks to the technics of ion exchange and 
chromatography, although the exact chemical structure 
remains to be determined. For practical assay, mouse units 
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are determined by injection, and results expressed in units 
per 50 grams of mussel! livers and syphons. When canned 
clams are assayed, 100 grams of ground clam meats are used. 
The mouse unit is defined as that amount of mussel poison 
which, when dissolved in 1 ml. of water and injected intra- 
peritoneally into a 20 gram white mouse, will cause death in 
15 minutes. Color tests and quantitative chemical methods 
are now available (37). The symptoms are: respiratory 
paralysis, numbness of lips, tingling of finger tips, giddiness, 
then staggering and drowsiness, sensations of gripping and 
dryness of throat. Reflexes or heart rate are not affected. 
Death from respiratory failure may oceur quickly but if 
patient survives 12 hours, the prognosis is good. The mor- 
tality rate has been about 9 per cent. Meyer found no sig- 
nificant changes at autopsy. 

There are additional kinds of poisonous marine and fresh 
water animals like the asari oyster of Japan, poisonous shark 
livers, roe and gonads of minnows of fresh water European 
barbel, moray eels, none of which will be dealt with in this 
discussion since these poisonings are probably not of signifi- 
cant occurrence in this country. 

In recent years, in distinction from the past, poisonous 
plants have not contributed significantly to the food poison- 
ing picture. One of the old offenders is rhubarb greens which 
upon ingestion produce vomiting, cramping, diarrhea, no 
elevation of temperature in some instances but rapid rise in 
other cases, cloudy urine, failure of blood to clot, and in fatal 
cases slow onset (sometimes 30 hours) of rigor mortis. The 
rhubarb leaves may contain 0.4 per cent of oxalic acid. Other 
oxalic acid-containing vegetation which have infrequently 
caused poisoning are sour grass-sorrel in soups, beet leaves 
used as “greens”, and wild grapes (Ampelopsis quinquefolia). 

The poisonous mushrooms of 80 species have long caused 
illness and fatalities. These types of food poisoning are so 
well known to the reader that nothing very new can be said 
except possibly to reiterate that the layman should always 
eat commercially produced mushrooms. The trained mycolo- 
gist can eat toadstools of his own choosing. There are five 
clinical types of mushroom poisoning; gastrointestinal which 
is rarely fatal; choleriform caused by Amanita phalloides 
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with about 50 per cent fatalities; nervosus which is rarely 
fatal; sanguinareus (anemia, bloody urine, jaundice) with low 
mortality; cerebralis (hallucinations, transient excitement) 
with recovery. In the first four types, gastrointestinal symp- 
toms are prominent with onset of symptoms from 15 minutes 
to several hours. The toxin, muscarine resembling pilocar- 
pine, is found in A. muscaria, and other lesser known frac- 
tions like “phallins” and glucosides are found in some of the 
many species examined. 

Poisonings, usually in children, have resulted from eating 
poisonous plants, seeds and deceptive berries. For example, 
berries of bittersweet (Solanum dulcamara), or berries of the 
deadly nightshade (Atropa belladonna), have caused death. 
Also children mistaking shoots of the mountain laurel 
(Kalmia latifolia) for wintergreen have been severely poi- 
soned. The castor bean used as a cathartic or given to young- 
sters to play with has been eaten with fatalities from the 
toxic and allergy-like action of both the ricin and oil. Arnold 
(38) observed death of a soldier who ate 5 castor beans for 
cathartic purposes. Snell (39) and Robbins (40) have 
recorded severe allergic symptoms in castor bean poisoning. 
Tung nuts and nutmegs have also caused poisoning. The 
black locust containing robin; roots of the water hemlock— 
“cowbane”—confused with wild parsnip; water hemlock (Citr- 
cuta) growing in wet places, widely distributed in the United 
States and mistaken by children for horseradish, have all 
eaused illness and death, although the incidence of cases is 
uot great (26), (41). 

Potato poisoning (“solanine poisoning”) was once thought 
to be rife, especially from eating greened potatoes. Khan 
(42) has reviewed the literature and found that this entity is 
not tenable; bacterial agencies, not the gluco-alkaloid could 
‘»» involved if potatoes were at all in the case. One would 
nave to eat 16.6 pounds of potatoes containing solanine to 
develop symptoms of poisoning. 

A type of poisoning from honey described in this country, 
Asia, Asia Minor, Brazil and Africa is of interest. It appears 
‘o be common in the vicinity of the Black Sea. One of the 
earliest notices of poisoning from honey is that of Xenophon, 
the Athenian (434-354 B. C.), who in his account of the 
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escape of the Greek army from the Persians (401 B. C.) tells 
of a food-poisoning outbreak among the Ten Thousand after 
they reached the Black Sea at Trapesus: 


“The soldiers camped in some mountain villages which 
they found well stocked with food and honey and 
observed a great number of beehives. All of the soldiers 
who ate of the honey became delirious and suffered vom- 
iting and diarrhea. Those who had eaten a little behaved 
as though they were drunk, and those who had eaten 
much of the honey behaved like mad people. Some of 
these died. Large numbers lay on the ground, as though 
after a defeat and were despondent. Those alive the next 
day became lucid at about the same hour as they had 
eaten the honey the day before. On the third and fourth 
days they were able to get up. Most of them stated that 
they felt just as if they had been taking medicine” (31). 


The poison appears in the honey derived from certain nectar- 
bearing plants: varieties of azalea, rhododendron, oleander, 
and perhaps mountain laurel and palmetto. Honey from the 
flowers of the black locust has at times been toxic. 

The distribution of poisonous honey usually corresponds 
with that of poisonous rhododendron species. The toxin is 
nitrogen-free, soluble in water, aleohol and chloroform; insol- 
uble in ether or petroleum ether. Its empirical formula is 
Cs:1Hs:O10. Very little new information is at hand to supple- 
ment Xenophon’s description in Anabasis. 


Accidental Chemical Poisonings 

Aside from addition of poisons to food with criminal intent, 
the usual chemical food poisoning is an illness arising when 
organic and inorganic compounds are unintentionally added 
to foods in the home and elsewhere as preservatives. Through 
the years the enforcement of food and drug laws, regulations, 
and the Meat Inspection Act has effectively reduced these 
entities. Like other investigators of food outbreaks we have 
observed in our field and laboratory investigations, instances 
when sodium fluoride, arsenic compounds, boron compounds, 
barium carbonate, cadmium from cadmium plated utensils, 
antimony from cheap enameled cooking vessels, were acci- 
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dental additions giving rise to tentative diagnoses of bac- 
terial food poisoning. The actual causes were established in 
all of our cases by the united efforts of the clinician, pathol- 
ogist, toxicologist and bacteriologist. In 1956, we investi- 
gated three cases of carbon monoxide poisoning arising from 
faulty connections and adjustments of gas lines by the house- 
holders. The diagnosis recorded by the attending physician 
and hospital records was bacterial food poisoning, but care- 
ful differential diagnosis showed clearly the true nature of 
the accident. Plotkin and Kapplow (43) have ealled attention 
to the difficulties that may arise when carbon monoxide 
poisoning is mistaken for food poisoning. 

It may be gratuitous to state that most investigators in 
the field of food poisoning on occasion encounter frustrating 
situations: reticence, certain types of counsel, quacks, “get- 
rich-quick” claimants and others. On rare occasion an amus- 
ing incident may light up the picture. We have investigated 
four “outbreaks” of luminescent or phosphorescent meats 
and marine foods caused by the phosphorescent genera, 
Photobacterium and Vibrio of marine origin. Foods that 
“shine in the dark” are not poisonous, but still cause women 
and men “great affrightment” as Dr. Beale of England wrote 
in 1676. Mistaken inferences of “radioactivity” associated 
with “lighted foods” of all sorts had confused the situation 
in several “outbreaks.” A luminescent “taillight” is the worst 
that can befall one who ingests such foods (1). 


Summary 

In conclusion it may be necessary only to list the specific 
classes of agents of food poisoning so that attention is again 
ealled to the old problem of proper analysis of an outbreak. 
The bacterial agents are (1) staphylococeal enterotoxin, (2) 
Salmonella, (3) Alpha streptocoeci, (4) Clostridium botuli- 
num, (5) Clostridium perfringens, (6) Bacillus cereus. Vi- 
ruses are in the picture. Poisonous fish are listed as are the 
poisonous shellfish. Poisonous plants of the many kinds and 
a few typical chemical po'sonings and gassing are mentioned. 
It would be ideal if all oatbreaks could be listed primarily on 
the basis of the causal agents. Thus, better preventative 
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measures could be effected, and recorded precise data would 
serve to further general education for all concerned with food 
poisoning. 
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Book Reviews 


ScreNTIFIC EXAMINATION OF QUESTIONED DocuMENTS, by Ordway Hilton, 
Examiner of Questioned Documents, New York, N. Y. Callaghan & 
Company, Chicago, Illinois, 1956. 337 pages with 162 illustrations, 
$15.00. 


At first glance, this book with its relatively few pages and 
large, legible type seems rather small for any comprehensive 
survey of this field at its present stage of development. How- 
ever, for the author’s purpose: “. . . to discuss all aspects 

in such a way as to be of greatest value to attorneys 
and investigators” it does adequately cover the field. The 
various methods of examinations, what they may show, and 
the basie principles involved are discussed concisely but con- 
vineingly. 

Exeept for the chapter on Definitions of Terms, which is 
decidedly below par in this respect, Hilton has compacted 
his discussions into meaty, closely knit statements, each with 
the precisely correct qualifications. In concise yet complete 
statements, Mr. Hilton leads his reader step by logical step 
to an aeceptance of a fact without lengthy, involved and 
ofttimes confusing recitations of proof. 

The discussions include: definitions of terms, instruments 
and materials, alterations, damage, identification of hand- 
writing and handlettering, typewriters, checkwriters, adding 
machines, printing, ete. Clues, methods of collecting speci- 
mens, the handling, the preservation and reproduction of 
documents are offered for the investigator. Especially di- 
rected to the attorney are chapters on the preparation for 
and the trial of document cases. In line with his expressed 
purpose, Mr. Hilton has included a short, though adequate, 
explanation of the basic principles of handwriting identifica- 
tion, but has given extended treatment to the subject of type- 
writers and typewritten documents. Mr. Hilton’s Systematie 
Method for the Identification of Make and Age-Model of 
Typewriters is included in detail and with some additions to 
its previously published form. Investigators and attorneys 
should be able to use much of this to advantage. 
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Lesser document examiners may be disappointed by the 
fact that Mr. Hilton did not include tables of data, examples 
of the various handwriting systems and more of the type- 
writer type-designs for their reference collections. A few 
of the more common type-styles from some domestic and nine 
foreign machines are included, but these are only enough to 
explain the methods. Footnotes, however, are generous in 
bibliographical references on this and on other subjects for 
those who wish to pursue their studies further. 

The illustrations of documents are excellent and they dis- 
play the significant details distinctly. By contrast, however, 
a few photographs of the examiner’s equipment are muddy, 
lack detail in the shadows and are marred by confusing 
backgrounds. 

All in all, the defects are in unimportant material, and the 
book can be recommended to casual or serious readers as a 
pleasant means of becoming acquainted with the basic prin- 
ciples of the science. 


Doctor AND PATIENT AND THE Law, by Louis J. Regan, M.D., LL.B., member 
State Bar of California, Professor of Legal Medicine College of Medical 
Evangelists, ete., C. V. Mosby Co., 1956, 3d Edition, p. 716, $12.50. 


The late Louis J. Regan, a founder and past President of 
the American Academy of Forensic Sciences, wrote and pub- 
lished his first book dealing with the law of medical mal- 
practice some fourteen years ago. It was almost at once 
accepted as the leading authority in that field. A second edi- 
tion covering a wide variety of associated subjects was pub- 
lished in 1949. Last year (1956), shortly before his death, 
Dr. Regan published a third edition and it is a most worth- 
while book for the library of any physician or lawyer. The 
third edition is not a revision; nearly all the text material 
found in the second edition is also found in the third. The 
footnotes found in the second are also found in the third, ad- 
ditional references being identified by adding (a), (b), (c), 
ete., to the last numbered footnote in any particular section. 

The increased size of the third edition is due to a more ex- 
tensive text discussion and the addition of a number of new 
topics. One of the new topics which will be of interest to both 
physicians and lawyers relates to Grievance Committees. Such 
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committees, says Dr. Regan, must do more than merely “white- 
wash the physician” or they will fail in their duty to both the 
profession and the public. There is included a report of the 
way in which one grievance committee functioned in its routine 
handling of a claims prevention program. The third edition 
also discusses the problem of Human Experimentation and 
contains the recommendations of the Judicial Council of the 
American Medical Association so far as that problem is con- 
cerned. A few of the other topics discussed in the third edition 
but not in the first or second are foeticide, infanticide and 
concealment of births and deaths, and also the law of public 
health. 

Dr. Regan’s books, most of them at least, are written pri- 
marily for medical readers and this third edition is no excep- 
tion. Its great emphasis on malpractice prophylaxis and the 
development of a malpractice prevention program by county 
medical societies is ample proof of the general purpose the 
author had in writing the book. For this reason, Doctor and 
Patient and the Law has more value to physicians and those 
engaged in the various para-medical activities than it has to 
lawyers. The same regard, however, will undoubtedly be ac- 
corded this new book as has been accorded Dr. Regan’s other 
efforts in this field of activity. Its more up-to-date treatment 
of old topics and the addition of so many new topics will keep 
it as one of the best reference books a physician or lawyer can 
find on general problems of legal medicine. It will also serve 
well as a textbook for both law and medical students. 


George E. Hall 


Tue Docror as A Witness, by John Evarts Tracy, Professor (Emeritus), 
University of Michigan, W. B. Saunders Company, Philadelphia, 1957. 
221 pages. 

This little book is one of the best primers on the medical 
expert witness that this reviewer has had the privilege of 
reading in recent years. It is written in non-technical lan- 
guage which a physician will have little trouble following and 
fully understanding. Mr. Tracy, emeritus professor of law 
from the University of Michigan, carries his readers from the 
institution of a law suit and the obligation which physician 
owes to his patient and the public to testify in proper cases 
in which he possesses a knowledge not possessed by others, 
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through the steps a physician should take in order properly 
to prepare himself for the “ordeal” of appearing in court, 
through the concept of examination and cross-examination 
and the reasons the lawyer has to ask him the things he does, 
and to the particular type of testimony he may be called upon 
to give in insanity hearings, workmen’s compensation pro- 
ceedings and malpractice cases. The book closes with a chap- 
ter on what makes a good medical witness, a chapter on the 
compensation of a physician-witness as distinguished from 
that of an ordinary witness, and a chapter which discusses 
the defects of the expert testimony system and the various 
methods which are being tried around the country to improve 
it, especially the New York Expert Testimony Project. 

Actually it only takes about four hours to read this book 
from cover to cover and any physician will greatly benefit 
by doing so, even though his appearance in court as an expert 
witness is not imminent. If the doctor is pressed for time, 
however, and what doctor isn’t these days, then Chapter X, 
“What Makes a Good Medical Witness” is the one to read 
first. Professor Tracy starts the chapter with these words: 
“The attributes of a good medical witness are that he be 
frank, honest, modest but not timid, have a thorough knowl- 
edge of his field of practice, talk to make himself heard, and 
be able to explain abstruse subjects in language that can be 
understood by laymen. The test of the effectiveness of the 
testimony that he gives will be not how thoroughly he has 
demonstrated that he knows, but how much the jury knows 
when he has finished testifying.” The author then goes on to 
discuss honesty, dignity, use of medical terms, tone of voice, 
modesty, use of notes, personal appearance and other factors 
designed to make the doctor feel more at ease when asked to 
testify. 

Chapter IX suggests the proper method of preparing for 
a trial or hearing. It is detailed and exacting and clearly 
brings home to the physician the need for a complete prepara- 
tion by both the physician and the attorney if the interests 
of the patient-client are to be adequately protected. 

All physicians, and attorneys too, will find much of interest 
and value in “The Doctor as a Witness” by John Evarts 
Tracy. 

George E. Hall 
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